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JiBstract 
The work described in this Ph.D. thesis is the outcome of the ideas framed 
while studying the Hterature on the development in the area of coordination 
chemistry. It was aimed to synthesize and characterize some coordination 
compounds of first row transition metals incorporating the ligands viz., 1,2-
diaminophenyl-N,N'-bis-(2-pyridenecarboxaldimine), N,N'-bis-(2-pyridenecar-
boxaldimine)-! ,8-diaminonaphthalene and bis-(thiophene-2-carboxaldimine)-
1,8-diaminonaphthalene. The entire work is divided in to five chapters. 
Introduction, the First chapter of Ph.D. thesis gives an overview of 
systematic development in the coordination chemistry of Schiff base ligands. It 
covers the basic definition of Schiff bases, history of origin, systematic 
approaches, possible bonding sites, stabilization of metals in different oxidation 
states and their catalytic and biochemical relevance. A special attention has 
been focused on Schiff base ligands and derived from heterocyclic aldehydes, 
investigation of their donor sites, synthetic flexibility, sensitivity and selectivity 
towards metals that enable design of suitable structural properties to perform 
important biological functions. A systematic coverage of interactions between 
Schiff base complexes and nucleic acids by various chemists biochemists has 
been enumerated in order to establish their relevance in generation of new 
reagents for biotechnology and medicine and determining the primary and 
secondary structure of nucleic acids and also to attain a complete understanding 
of how to target DNA siteswith specificity in order to warrant novel 
chemotherapeutics and to greatly expand ability for chemists to probe DNA 
and to develop highly sensitive diagnostic agents. 
The Second chapter describes the basic principles and theories of various 
techniques used to characterize the newly synthesized Schiff base ligands and 
their complexes. The stoichiometry of Schiff base ligands and their complexes 
have been ascertained by elemental analyses, mass spectrometry and job's 
method while the nature of complexes have been drawn by molar conductance 
studies. The formation of ligand and the complexes and the nature of bonding 
in them have been deduced by spectroscopic techniques viz., infrared and 
nuclear magnetic resonance while their overall geometries have been verified 
by UV-visible, electron paramagnetic resonance and magnetic susceptibility 
measurements. The biological activity (DNA binding and cleavage) of some 
complexes have been accounted by fluorescence, UV-vis method, 
electrophoresis gel method, Reaction of ligand and complex with calf thymus 
DNA and digestion with Si nuclease and NBT methods. 
The Third chapter entitled, "synthesis and physico-chemical studies on 
complexes of l,2-diaminophenyi-N,N'-bis-(2-pyridenecarboxaldimine), (L): A 
spectroscopic approach on binding studies of DNA with the copper complex" 
deals with the synthesis of novel Schiff base ligand, l,2-diaminophenyl-N,N'-
bis-(2-pyridenecarboxaldimine), L resulted by the condensation reaction 
between 2-pyridenecarboxaldehyde and 1,2-diaminobenzene in 2:1 molar ratio. 
The formation and composition of ligand was confirmed by the characteristic 
bands in the IR spectrum and the results of elemental analyses. The appearance 
of strong intensity band at 1630 cm"' assignable to azomethine group, V(.C=N) 
and absence of V(.NH2) of o-phenylenediamine and carbonyl group, V(.co) of 2-
pyridinecarboxaldehyde, confirm the formation of Schiff base ligand while the 
other prominent bands were observed at their expected positions. However, a 
negative shift of 10-20 cm"' for V(^=N) was observed in all complexes, 
dinitrato-( 1,2-diaminophenyI-N,N'-bis-(2-pyridenecarboxaldimine) metal(II) 
[ML(N03)2] [M = Co(II), Ni(II), Cu(II) and Zn(II)], formed by the reaction of 
ligand, L with transition metal ions in 1:1 molar ratio, indicates the 
coordination of V(.C=N) to the metal ion. The H NMR spectrum shows a singlet 
at 9.28 ppm assigned to azomethine protons, (-CH=N) (s, 2H). The Zn(II) 
complex shows a slight downfield shift due to coordination of azomethine 
nitrogen to Zn(II) ion. The '^ C NMR spectrum shows a sharp resonance signal 
at 193.77 ppm assigned to azomethine carbon while the chemical shift values 
of pyridine and phenyl carbons appear at their expected positions. The Zn(ll) 
complex shows a slight downfield shift confirming the coordination of ligand 
to metal ion. Thus the 'H and '^ C NMR spectral studies further confirm the 
formation of Schiff base ligand and its complexes. The molar conductance 
measurements show non-electrolytic nature of all the complexes. 
Fluorescence measurements and absorption spectroscopy clearly indicates a 
significant DNA binding of Cu(II) complex with calf thymus DNA on 
comparing with free ligand. 
The Fourth chapter of the thesis, "synthesis and spectroscopic studies on 
complexes of iV.iV-bis-(2-pyridenecarboxaldimine)-l ,8-diaminonaphthalene 
(L): DNA binding studies on Cu(II) complex." discusses tlie preparation of a 
novel ligand, L synthesized by the condensation of 1,8-diaminonaphthalene 
and 2-pyridinecarboxaldehyde in 1:2 molar ratio in methanol. The composition 
of ligand and its complexes, formed by the reaction of ligand, L and transition 
metal ions [M - Co(II), Ni(II), Cu(ll) and Zn(II)] in 1:1 molar ratio in 
methanol, was confirmed by the fragmentation of M"^  through ESI-mass 
spectrum and elemental analyses. The appearance of a new strong intensity 
band characteristic of V(^=N) and the disappearance of band characteristic of V(. 
CO) and V(.NII2)) of 2-pyridenecarboxaldehyde and 1,8-diaminonaphthalene 
moieties, respectively in the IR spectrum suggest the formation of Schiff base 
ligand, L. A negative shift of ca 20 cm"' in V(.C=N) in the complexes indicate the 
involvement of imine nitrogen in coordination to metal ion. The other 
prominent bands like V(C.H), V(M.NPy) and pyridine ring vibrations (out-of-plane 
and in-plane ring deformations) appear at their estimated positions. The 
appearance of new band characteristic of V(ivi.ci) indicates the existence of the 
coordinated chloro group in complexes. The molar conductance of soluble 
complexes measured in DMSO show their non-electrolytic nature. Job's 
method of continuous variation has been used to determine metal to ligand ratio 
for copper and cobalt complexes which appear at wavelength 600 and 525 nm, 
respectively. The same profile was observed when the diagram was constructed 
at different wavelengths. A singlet at 9.23 ppm assigned to azomethine carbon 
in 'H NMR spectrum of Schiff base ligand further confirms the IR spectral 
findings. The spectrum further shows the proton resonance of pyridine moiety 
at 7.29 ppm, 8.12 ppm, 7.25 ppm and 8.21 ppm and multiplets for naphthalene 
protons. These values were found to be downfield shifted in [ZnLCl2] 
complexes. Another strong evidence for the formation of Schiff base ligand 
comes from ' C NMR spectrum. The '^ C NMR spectrum shows a sharp 
resonance signal at 192.90 ppm assigned to azomethine carbon while the 
resonance signals other carbons appear at their expected positions. The 
positions of carbons of free Schiff base ligand were found to be downfield 
shifted on complexation with Zn(II) ion. 
Fluorescence measurements and absorption spectroscopy clearly indicate a 
significant DNA binding of Cu(II) complex with Calf thymus DNA on 
comparing with ligand. 
The Fifth chapter entitled, "synthesis and spectroscopic characterization of 
Schiff base ligand and its complexes derived from thiophene-2-
carboxaldehyde: DNA cleavage and generation of superoxide anion by Cu(Il) 
complex" deals with the synthesis of novel Schiff base ligand, bis-(thiophene-
2-carboxaldimine)-l,8-diaminonaphthalene, L formed by the condensation of 
1.8-diaminonaphthalene and thiophene-2-carboxaldehyde in methanol under 
reflux. The reaction of ligand, L with metal ions in 1:1 molar ratio yields 
complexes of the types, [ML (N03)2]] [Co(II), Ni(II) and Zn(II)] and 
[CuL](N03)2. The analytical data agree well with the composition of Schiff 
base ligand, L and its complexes. This is further confirmed by the 
fragmentation of M^ through ESI-mass spectrometry and elemental analyses. 
The appearance of a strong intensity band at 1625 cm"' assigned to azomethine 
group, V(.c=N) in the IR spectrum confirms an effective Schiff base 
condensation between 1,8-diaminonaphthalene and thiophene-2-carboxalde-
hyde. However, its position has been found to be negatively shifted by ca 10-15 
cm"' in the complexes indicating the participation of azomethine nitrogen in 
coordination. The observed medium intensity band at 890 cm'' in the free 
ligand ascribed to Vc-s-c stretching vibration of thiophene moiety is shifted to 
lower values in all compounds, suggesting the involvement of the sulphur atom 
in the bonding with the metal ion. The IR spectrum of Cu(II) complex shows 
band at 1380 cm'' corresponding to an uncoordinated nitrate group while the 
other prominent bands appear at their expected positions. Another strong 
evidence for the formation of Schiff base ligand, L and its complexes come 
from 'H NMR Spectra. The 'H N M R spectrum of Schiff base ligand shows a 
proton resonance signal at 8.95 ppm attributed to azomethine proton, (-CH=N) 
(s 2H). Resonance peaks for different protons of aromatic and thiophene 
moiety appear at their expected positions. These values for azomethine protons 
and aromatic and thiophene protons undergo downfield shift in [ZnL(N03)2]. 
These findings are further supported by '^ C NMR spectrum which shows a 
resonance signal at 163.9 ppm assigned to azomethine carbon while signals due 
to other carbons appear at their estimated positions in free Schiff base ligand, 
L. However, these values show a slight downfield shift in Zn(II) complex. The 
magnetic susceptibility data and the band positions in the electronic spectra 
confirm the octahedral geometry of Co(II) and Ni(II) complexes while a square 
planar geometry has been noticed for the Cu(II) complex which is further 
supported by EPR. 
The biological activity of Cu(II) complex such as ability to bind DNA and 
cause cleavage were studied where Cu(II) complex was shown to cause 
considerable DNA cleavage and generate Reactive oxygen species such as 
superoxide anion. These results suggest a putative role of Cu(II) complex 
similar to various anticancer drugs. 
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Chapter 1 
Introduction 
Introduction 
The long awaited renaissance in inorganic chemistry finally arrived during the 
1940s, and since then there has been great activity in all branches of this 
science, particularly in chemistry of coordination compounds. Historically, the 
concept of coordination chemistry is associated with complexation of metal 
cations (Lewis acids) by ligands (Lewis bases). Earlier workers considered and 
studied the coordination compounds of only a few metals e.g., Pt, Co and Cr 
and coordination number of four and six. Most recent research on coordination 
compounds has been concerned with nearly all the metals of the periodic table, 
with coordination numbers from two to twelve and in different oxidation states. 
[1-3]. A proliferation in this area of research is not only due to design of ligand 
systems with varying functionalities [4], synthetic strategies or advancement in 
techniques but also due to multiple applications of these compounds in the 
areas viz., medicinal [5-7], biochemical [8-12], bioinorganic [13-15], 
environmental [16-18], industrial [19-21], photochemical [22,23], 
photophysical [22-24], photoelectronic [25,26] etc. The pioneering work 
carried out on both trace as well as abundant elements generated coordination 
compounds which mimic the biologically significant metalloenzymes and 
metalloproteins [15, 27-29], act as models to understand biochemical effects in 
vitro or in vivo [30,31] extending hopes and promises for treatment of various 
diseases [5-7,32,33], developing photochemically driven molecular devices 
[34,35], functional models for water oxidation catalysis in photosystem-II [36] 
and in catalytic photocleavage of water [37], design of multinuclear structures 
capable of directing and modulating electron and energy transfer processes 
[34,35]. 
The coordination compounds of Schiff base ligands have been extensively 
studied as they readily form stable complexes with most transition metals [38]. 
These compounds not only played important roles in the development of 
coordination chemistry particularly catalytic and enzymatic reactions, 
magnetism and molecular architecture [39-41] but are becoming increasingly 
important as biochemical [42], analytical [43] and industrial [44] reagents and 
redox catalysts [45,46] as well as pigment dyes [47]. The most important aspect 
is that the Schiff bases and their metal complexes have been proved to be 
useful in biological and pharmaceutical applications [48,49]. 
Ever since Laurent and Gerhard synthesized the first organic imine by 
condensation of benzaldehyde with aniline, numerous investigations deal with 
this class of compounds, also known as Schiff bases [50]. A Schiff base (or 
azomethine), named after Hugo Schiff, is a functional group that contains a 
carbon-nitrogen double bond with the nitrogen atom connected to an aryl or 
alkyl group but not hydrogen [51]. Strictly speaking Schiff bases are 
compounds having general formula RR'C = NR" where R is an aryl group, R' is 
a hydrogen atom and R" is either an alkyl group or aryl group. However, 
usually compounds where R" is an alkyl or aryl group and R' is an alkyl or 
aromatic group are also counted as Schiff bases [52]. These compounds are 
also known as anils, imines or azomethine. The Schiff bases are versatile 
compounds having a variety of different substituents and can be unbridged or 
N, N'-bridged. Most commonly Schiff bases have NO or N202-donor atoms but 
the oxygen atoms can be replaced by sulphur, nitrogen, or selenium atoms [53]. 
Several studies showed that the presence of a lone pair of electrons in sp^  
hybridized orbital of nitrogen atom of the azomethine group is of considerable 
chemical and biological importance [54, 55]. Schiff bases have chelating 
structure and are in demand because they are straightforward to prepare and are 
moderate electron donors with easily-tunable electronic and steric effects thus 
are quite versatile [53, 56]. Modem chemists still prepare Schiff bases, and 
nowadays active and well-designed Schiff base ligands are considered as 
"privileged ligands" prepared by the condensation between aldehydes and 
amines [56]. Schiff base ligands are typically formed by the condensation of 
primary amines and aldehydes [Fig 1]. The resultant imines (R|HC = NR2) 
participate in binding with metal ions via nitrogen lone pair electrons. Like 
aldehydes, the ketones are also able to form Schiff base ligands (R1R2C = N-
R3), although Schiff base ligand with ketones are formed less readily than with 
aldehydes. The mono-, di-, tri- and multi-dentate chelating Schiff base ligands 
were designed complimentary to the binding requirements of metal ions. The 
metal complexes of chiral Schiff base ligands showed stereoselectivity in 
organic transformation, hence the synthesis of chiral complexes become an 
important area of current research in coordination chemistry. The chiral 
binaphthyl Schiff base ligands [Fig 2] were potentially valuable in various 
metal mediated catalytic reactions [57]. 
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Fig 2 
There are several reaction pathways to synthesize Schiff bases [56, 58-61]. The 
most common is an acid catalyzed condensation reaction of amine and 
aldehyde or ketone under refluxing conditions. In this case, the first step is the 
attack of nucleophilic nitrogen atom of amine on the carbonyl carbon, resulting 
in a normally unstable carbinolamine intermediate which undergoes 
dehydration to form carbon-nitrogen double bond called as imine an often 
referred to as Schiff bases (Scheme 1) [52, 62]. All steps involved in this 
reaction sequence are reversible. Therefore, the Schiff condensation under 
thermodynamically controlled conditions can be used for generating dynamic 
combinatorial libraries if several different amines or carbonyl compounds are 
used as starting compounds simultaneously [63]. 
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Scheme I 
Out of many factors affecting the condensation reaction the pH of the solution 
play an important role, as amine is basic, it is mostly protonated in acidic 
conditions and thus can not function as a nucleophile and the reaction can not 
proceed. Furthermore, in very basic reaction conditions the reaction is hindered 
as sufficiently protons are not available to catalyze the elimination of the 
carbinolamine hydroxy 1 group [64]. 
The Schiff base metal complexes can be synthesized by five different reaction 
routes [Scheme 2], In first four methods, the starting materials used were metal 
alkoxide, metal amide, metal alkyl or aryl, metal acetate and halide, 
respectively but sodium or potassium salt of the ligand were prepared first 
followed by reaction with metal halide in the last method. The ligand precursor 
could also be deprotonated by lithium bases but it is advisable to form sodium 
or potassium salt of the ligand [56]. Metal acetates are considered the most 
convenient starting materials for complexation with Schiff bases because they 
are soluble in alcohols and are salts of a weak acid [53]. 
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Scheme 2 Preparation of Schiff base complexes 
The alkoxides of early transition metals (M = Ti, Zr) available commercially 
are easy to handle (route 1), while the use of other alkoxides is more 
problematic, particularly in case of highly moisture-sensitive derivatives of 
lanthanides. The reaction of a Schiff base with a metal alkoxide is an 
equilibrium reaction and the identity of the species generated is sometimes 
difficult to predict. Different complexes can be present in different 
concentrations, as a function of the equilibrium constant. Metal alkoxide are 
sensitive to hydrolysis and the presence of adventitious water can result in the 
formation of ^-oxo species. Presence of adventitious water is difficult to 
control, especially when the reaction between Schiff base and metal alkoxide is 
performed in situ. Metal amides, M(NMe2)4 (M = Ti, Zr) are highly suitable 
precursors for the preparation of Schiff base metal complexes of early 
transition metals (route 2). The reaction occurs via the elimination of the acidic 
phenolic proton of the Schiff base, occurring at the same time as the fonnation 
of volatile NHMe2. A Schiff base metal complex can be prepared in a clean and 
effective way using metal alkyl complexes as precursors (route 3). Various 
metal alkyls of the main group metals (AlMcs, GaMe3, InMe3) are 
commercially available and can be used in the preparation of Schiff bases by a 
direct exchange reaction. However, the synthesis of iron, manganese, vanadium 
and copper Schiff bases were obtained by the reaction of mesityl Grignard 
reagent with corresponding M(Mesityl)n (M = Fe, Mn, V, Cu, Mesityl = 2,4,6-
trimethybenzene). Although the synthesis of mesityl metal complex precursors 
can be difficult due to their sensitivity but their use can avoid the presence of 
an uncharacterized impurity or the fomiation of binuclear complexes. Schiff 
base metal complexes can be obtained through the treatment of the Schiff base 
with the corresponding metal acetate (route 4) normally by heating the Schiff 
base in the presence of metal salt under reflux conditions. Copper, cobalt and 
nickel Schiff bases are prepared using the corresponding acetates M(0Ac)2 (M 
= Co, Ni, Cu). A direct exchange with metal halides is also possible and 
effectively used in obtaining salen-metal complexes (route 5). It consists of 
two-step reaction involving the deprotonation of the Schiff bases and a 
successive reaction with metal halides. Deprotonation of the acidic phenolic 
hydrogen can be realized using lithium bases (MeLi, BuLi). However, since 
lithium alkyls can attack imine group of the Schiff base, it is advisable to 
perform the deprotonation with NaH or KH. The deprotonation step is rapid at 
room temperature. When the formation of the Na2(SaIen) or K2(Salen) is 
complete, it is treated with metal halides. The reaction of Na2(Salen) or 
K2(Salen) with metal halides generates sodium or potassium salts as by-
products [56]. 
Metal salen complexes can have umbrella or bowl (Fig 3A) and stepped or 
non-planar [Fig 3B] molecular conformation. The umbrella and stepped forms 
are the most common for salen complexes and the planar conformation has 
been reported only for few complexes [56]. In the stepped conformation [Fig 
3B], the degree of folding is correlated to the size of the metal, its oxidation 
state, the absence or presence of aptical ligands, and the nature of the 
substituent. For instance, Cr(V) salen is folded while the corresponding Cr(III) 
salen is nearly planar [56]. According to structural data, the umbrella forni has 
been found in dimeric pentacoordinate complexes and in complexes having 
axial sites occupied by solvent or ligand molecules [65]. 
o 
A B 
Fig 3 Different shapes of Salen complexes 
10 
Schiff bases constitute one of the most widely used families of organic 
compounds not only as synthetic intermediates but also in coordination 
chemistry [66]. Schiff bases are also useful in constructing supramolecular 
structures [67]. They are able to coordinate metal through imine nitrogen and 
another group, usually linked to aldehyde and stabilize many different metals in 
various oxidation states, controlling the performance of the metals in a large 
variety of useful catalytic transformation [56]. Coordination of the metal with 
bi- or tridentate Schiff bases can produce dimeric, or a saturated metal complex 
particularly with early transition metals, which have a tendency to coordinate 
ligands in an octahedral manner, the complexation step realized in situ can 
produce a saturated octahedral complex [56]. Schiff base complexes of early 
transition metals are active catalysts for polymerization, provided that some 
simple criteria in the synthetic design are met [68]. The metal complexes with 
Schiff base ligands have been playing an important role in the development of 
inorganic chemistry as a whole [67]. 
The metal complexes derived from Schiff bases have been known since 1840 
when Ettling isolated bis-(salicylideneamido) copper (II) [69]. Since then they 
have played a key role in the development of coordination chemistry, resulting 
in a large number of publications ranging from pure synthetic work to modem 
physicochemical and biochemically relevant studies of these complexes. 
Schiff bases [Fig 4] (I) derived from the aromatic aldehydes or ketones are 
known to yield heterocyclic products (II) on carbonylation at high temperature 
and pressure in the presence of cobalt carbonyl. Reaction with di-iron 
11 
enneacarbonyl occurs under mild conditions to give a series of novel 
complexes (III; Y = CHR) in high yields. Formulation (111) is based on mass-
spectroscopic, proton magnetic resonance, and chemical evidence; the latter 
includes degradation by ferric chloride oxidation to the same lactams (II) 
obtainable in the catalytic reaction. The "dotted" bond is included solely to 
satisfy the "inert gas rule"; alternatively, the complex may be formulated with 
one iron atom having an incomplete (16 outer orbital) electron shell. Related 
complexes were obtained from benzaldehyde, phenylhydrazone and from 
ketazines such as benzophenone azines [70]. 
NR' 
II 
oc7T I 'V^co 
OC CO CO CO 
III 
Fig 4 
12 
Hari kumar and co-workers [71] synthesized and characterized a Schiff base 
ligand 2-formyhhiophene S-methyldithiocarbazate (Fig 5) derived from 
thiophene-2-carboxaldehyde and methyl hydrazine carbodithioate and its 
complexes with Fe(II), Ni(II), Cu(II), Zn(II). 
SMe 
Fig 5 
Mohamed and co-workers synthesized and characterized a series of Fe(III), 
Ni(n), Cu(Il), Zn(Il) and U02(II) complexes with Schiff base ligand (Fig 6) 
derived from thiophene-2-carboxaldehyde and 2-aminobenzoic acid. The 
ligand is coordinated to the metal ion in a terdentate manner with ONS 
donor sites of the carboxylate 0, azomethine N and thiophene S [72]. 
13 
COOH 
Fig 6 
Sharaby synthesized and characterized Schiff base namely 2-thiophene 
carboxaldehyde-sulphametrole (Fig 7) derived from thiophene-2-
carboxaldehyde and sulpha drug, [A^'-(4-methoxy-l,2,5-thiadiazol-3-
yl)sulfanilamide and its tri-positive and di-positive metal complexes with 
Fe(II), Fe(III), Co(II), Ni(II), Mn(II), Cu(II), Zn(II), Cd(II) and UOzGI) salts 
where ligand was reported [73] to be coordinated in tetradentate manner 
through hetero five-membered ring-S and azomethine nitrogen-N, enolic 
sulfonamide-OH and thiadiazole-N, respectively. 
H3CO 
SO2 NH 
Fig 7 
14 
Chatterjee and Mitra [74] synthesized the Schiff base complexes of Ru(III) 
using Schiff base ligands (Fig 8) derived by the condensation of either 1,2-
phenylenediamine with aldehydes (salicyldehyde, 2-pyridinecarbox-
aldehyde) or acetylacetone with amines (2-aminophenol, 2-amino 
methylpyridine). 
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:N N= 
OH HO 
rN N= 
"c' 
H.C CH, 
=N N= 
OH 
=N N : 
OH HO 
C D 
H3C, ,CH, 
-N N-
Fig 8 
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Friaza and co-workers synthesized and characterized several Schiff base 
ligands (Scheme 3), derived from 2-pyridinecarboxaldehyde and different 
amines and their complexes with Pt(II) and Pd(II). The amines used were o-
, m-, p- Toluidine and 4-hydroxy aniline [75]. 
4-ime RrCHj; R2=R3=H 
3-ime R2=CH3; R, =R3-H 
2-ime R3=CH3; R,=R2=H 
4-iol R, =0H; R2=R3=H 
Scheme 3 
Panchal and co-workers [76] synthesized and characterized Schiff base 
complexes of VO(IV) having general composition [VOL(A)] (Fig 9) 
where, H2L = salicylidene-o-aminothiophenol, A ' = bis(benzylidene)-ethyl-
enediamine, A = bis(acetophenone)ethylenediamine, A = 2,2'-bipyridyl-
amine. A"* = bis(benzylidene)-l,8-diaminonaphthalene, A^ = thiophene-o-
carboxaldene-aniline and A^ = thiophene-o-carboxaldene-p-anisidine. 
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/ \ 
=N N= 
X 
Where A' (X = H) or A' (X = CH3) 
^ ^ N N ^ ^ 
:N 
H 
N- -X 
Where A ' (X = H) or A^  (X = OCH3) 
OH HS, 
HiL 
Fig 9 
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Chandra and co-workers [77] synthesized and characterized a Schiff base 
Mgand (Fig 10) derived from 2-pyridenecarboxaldehyde and its complexes 
with Ni(ll) and Cu(ll) metal ions. 
"N 
. ^ 
H 
:N N C NH 
H 
Fig 10 
Salehzadeh and co-workers synthesized and characterized two novel 
coordination compounds, [CdL22pyfp(N03)](C104) and [MnL22pyfpCl](C104) 
(Scheme 4) by template condensation of previously known ligand, (L22py), and 
2-pyridinecarboxaldehyde in the presence of Cd(N03)2.4H20 or MnCl2.4H20 
in equimolar ratios. The compounds so formed were characterized by elemental 
analyses, IR, and single X-ray diffraction, and by NMR in case of the Cd(II) 
complex. The Cd(II) ion has distorted dodecahedron while Mn(II) ion has a 
distorted pentagonal bipyramidial environment [78]. 
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(CI I , ) , 
Ni l , 
N 
T 
(CH,), 
(CH,), 
N i l , 
N 
r 
(CH,), 
NH, 
' • 2 2 p > 
ElOH/MeOH 
+ MnCI,.4H_,0 
N 30-40 "C ' ^ . 
Scheme 4 
Schiff bases possess excellent characteristics, structural similarities with 
natural biological substances, relatively simple preparation procedures and the 
synthetic flexibility, their selectivity and sensitivity towards the central metal 
atom that enable design of suitable structural properties [79, 80]. In biological 
systems, metal ions exist as electron-deficient cations and are hence attracted to 
electron-rich biological molecules such as proteins and DNA. Biological 
systems themselves provide innumerable examples of 'designer ligands' that 
bind metal ions to perform important biological functions [81]. Recently, there 
has been a considerable interest in the chemistry of Schiff base compounds and 
their metal complexes due to their applications in biological systems [82] as 
they appear to be important intermediates in a number of enzymatic reactions 
involving interaction of the amino group of an enzyme, usually that of a lysine 
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residue, with a carbonyl group of the substrate [83]. Stereochemical 
investigations [84] carried out with the aid of molecular models showed that 
Schiff bases fornied between methylglyoxal and the amino group of the lysine 
side chains proteins can bend back in such a way towards the N atom of 
peptide groups that a charge transfer can occur between these groups and the 
oxygen atoms of the Schiff bases. Schiff bases derived from pyridoxal (the 
active form of vitamin B )^ and amino acids are considered as very important 
ligands from biological point of view. Transition metal complexes of such 
ligands are important enzyme models. The rapid development of these ligands 
resulted in an enhanced research activity in the field of coordination chemistry 
leading to very interesting conclusions. Many biologically important Schiff 
bases have been reported in the literature possessing antibacterial [85-87], 
antifungal [85-88], antimicrobial [89-90], anticonvulsant [91], anti-HIV [92], 
anti-inflammatory [93], and anti-tumor [94,95] activities. Another important 
role of Schiff base structure is in transamination [96]. Transamination reactions 
are catalyzed by a class of enzymes called transaminases or aminotransferases 
which are found in mitochondria and cytosal of eukaryotic cells. All the 
transminases appear to have the same prosthetic group, i.e. pyridoxal 
phosphate, which is covalently attached to them via an imine or Schiff base. 
Schiff base formation is also involved in the chemistry of vision, where the 
reaction occurs between the aldehyde function of Il-cis-retinal and amino 
group of the protein (opsin) [97]. Recent studies showed that transition metal 
complexes of Schiff bases have emerged as highly efficient catalysts in various 
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fields of synthesis and other useful reactions. Synthetic chemists sometimes 
seek to imitate the efficiency and elegance of the biosynthetic machinery by 
designing biomimetic reactions that approximate natural reaction pathways. 
Probably the most astonishing biomemitic reactions are processes, which 
combine several transformations in sequence and produce complicated 
structures from comparably simple starting materials, in a simple laboratory 
operation. In such a simple but elegant method, Matsumoto and co-workers 
used Co(II), Mn(II) and Fe(II) with Schiff base ligand, bis(salicylaldehyde) 
ethylenediimine (Salen) as catalyst for the synthesis of carpanone in good yield 
by the oxidation of trans-2-(l-propenyl)-4,5-methylnedioxyphenol with 
molecular oxygen [98]. 
In recent decades, tremendous interests have been drawn towards interactions 
between metal complexes and nucleic acids [99], because of their relevance in 
the development of new reagents for biotechnology and medicine [100]. 
Work from several laboratories has established the binding of cationic metal 
complexes with DNA [101], as it helps in determining the primary and 
secondary structure of nucleic acids and also these binding reactions 
regulate gene expression and initiate cleavage and linkage reactions [102-
105]. The design of small complexes that bind and react at specific 
sequences of DNA becomes important. A more complete understanding of 
how to target DNA sites with specificity will lead not only to novel 
chemotherapeutics but also to a greatly expand ability for chemists to probe 
DNA and to develop highly sensitive diagnostic agents [106]. In order to 
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develop new antitumor drugs which specifically target DNA, it is necessary 
to understand the different binding modes a complex is capable of 
undertaking. Basically, metal complexes interact with the double helix 
DNA in either a non-covalent or a covalent way. The former way includes 
three binding modes: intercalation, groove binding and external static 
electronic effects. Among these interactions, intercalation is one of the most 
important DNA binding modes as it invariably leads to cellular degradation. 
It was reported that the intercalating ability increases with the planarity of 
ligands [107,108]. Additionally, the coordination geometry and ligand 
donor atom type also play key roles in determining the binding extent of 
complexes to DNA [109,110]. The metal ion type and its valence, which are 
responsible for the geometry of complexes, also affect the intercalating 
ability of metal complexes to DNA [111,112]. 
Vijayalakshmi and co-workers [101] studied the binding interaction of Cr(III)-
Schiff base complexes of the type [Cr(Salen)(H20)2]^ and [Cr(Salpm)(H20)2]^ 
(Fig 11), where {salen=l,2-bis(salicylideneaminoehane) and salpm = 1,3-
bis(salicylideneamino)propane) with ct-DNA by absorption, emission, circular 
dichroism, melting temperature and viscosity measurements. These Cr(III) 
complexes showed absorption hyperchromicity accompanied by red shift in 
change transfer band, fluorescence enhancement, increase in melting 
temperature, some structural changes in CD spectra and changes in specific 
viscosity when bound to ct DNA. The binding constant Kb has been determined 
for both the complexes and found to be (2.5 ± 0.4) x 10^  M"' for 
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[Cr(Salen)(H20)2]'^ and (1.7 ± 0.3) x lO'' M '^ for [Cr(Salpm)(H20)2]''. From the 
binding stoichiometry of DNA-[Cr(Salpm)(H20)2]^ the number of binding site 
size has been determined and found to be ten base pairs per bound complex 
molecule. The Cr(III) complexes also bring about single strand cleavage in 
plasmid DNA. The experimental results show that Cr(III) complexes bind to 
DNA by non-intercalative mode. Major groove binding is the preferred mode 
of intercalation for these Schiff base complexes of Cr(III). 
+ 
n = 2 for [Cr(Salen)(H20)2]^  
n - 3 for lCr(Salpm)(H20)2]^  
Fig 11 
Wang and co-workers [113] synthesized and characterized a new Schiff base 
ligand, Naringenin (H3L) (Fig 12) and its complex [La(H2L)2(N03).3H20]. By 
spectrometric titrations, ethidium bromide displacement experiments, and 
viscosity measurements, they showed that the two compounds, especially the 
La(lII) complex, strongly bind with ct -DNA, presumably via an intercalation 
mechanism. The intrinsic binding constants of the La(III) complex and ligand 
with DNA were 1.83x 10^  and 9.46 x 10^  M"', respectively. Comparative 
cytotoxic activities of the La(III) complex and ligand were also determined by 
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MTT [3-(4,5-dimethyl-2-thiazoyl)-2,5-diphenyl-2//-tetrazolium bromide] and 
SRB (sulforhodamine B) methods. The results showed the La(III) complex had 
significant cytotoxic activity against the tested cells. 
Fig 12 
The cleavage of nucleic acids is an important enzymatic reaction involved in 
several biological processes as well as in biotechnological manipulation of 
genetic material. Artificial DNA cleaving agent could find applications in 
several fields, in nucleic acids structural studies, biotechnology, or drug 
development [114]. 
Redox-active transition metal complexes in the presence of oxidants have been 
extensively used for DNA cleavage reactions. In a typical reaction, an 
oxidizing agent like O2, H2O2 or a peracid is added in addition to the transition 
metal complex. There are also examples where chemically or electrochemically 
generated metal in high oxidation state can act as an oxidant in the presence of 
a reductant [115]. Hydrolytic cleavage of DNA involves hydrolysis of the 
phosphodiester linkage. Complex having metal ions with strong Lewis acidity 
could show facile hydrolytic cleavage of DNA thus modeling the activity of 
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restriction enzymes [116,117]. In contrast, oxidative cleavage of DNA causes 
degradation of DNA molecule due to abstraction of either deoxyribose sugar 
hydrogen atom(s) or oxidation of the guanine bases [118-122]. Complexes 
showing oxidative cleavage of DNA have the potential for foot printing and 
therapeutic applications. Oxidative cleavage of DNA could be achieved either 
through chemical nuclease activity in which the complex is reacted with an 
external oxidizing/reducing agent or on photoactivation of the complex which 
acts as a photosensensitizer to generate free radicals or other reactive oxygen 
species (ROS) to cleave DNA. [123]. Among the transition metal based 
cleaving reagents, the redox active Cu(II) complexes show significant chemical 
nuclease activity. Copper complexes usually do not mediate nucleobase 
oxidation, but are responsible for direct strand scission by hydrogen atom 
abstraction from the deoxyribose moiety. Sigman and coworkers have shown 
that bis-(l, lO-phenanthroline)copper(I) (abbreviated Cu(0P)2) in presence of 
H2O2 efficiently cleave DNA [124,125]. This "artificial nuclease" (Fig 13), 
binds to DNA in the minor groove in a sequence dependent manner [126] and 
degrades double -stranded DNA in the presence of hydrogen peroxide [127]. 
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+ 
i ^" ' « / ^ , * ^ ^ \ N-
Bis( 1,10-phenanthroline)Cu(I) 
Fig 13 
Bhattacharya and co-workers reported [128] a new water-soluble Co-salen 
complex that can cleave DNA spontaneously under ambient aerobic conditions. 
The cleavage is further enhanced by including dithithreitol in the reaction 
buffer. Gravert and co-workers [129] investigated specific DNA damage 
mediated by Mn-salen (Fig 14), and found that the combination of Mn-salen 
and a terminal oxidant affords efficient and specific cleavage of right handed 
double-helical-DNA in regions rich in A: T base pairs. 
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+ 
:N. . .Ni 
Mn(III) 
y' 
• 0 ' 0-
Figl4 
Routier and co-workers [130] synthesized a functionalized Cu-salen complex 
(Fig 15) and investigated the DNA-binding and DNA-cleaving properties of 
this Cu complex using viscometry, UV spectroscopy, circular and linear 
dichroism and gel electrophoresis. It has been shown the complex induces 
single-stranded breaks via an interaction within one of the grooves of the 
double helix. 
N: 
H 
NH3, TFA 
Fig 15 
28 
It goes without exaggeration to mention that voluminous work carried out in 
coordination chemistry and the vivid applications can not be contained in these 
few pages as it is beyond the imagination and manifestation to conceive and 
extract the findings from hundred of reviews and articles and thousand of 
publications reported by eminent chemists of the world. 
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Chapter II 
Experimental Techniques 
EXPERIMENTAL TECHNIQUES 
There are several physico-chemical methods available for the study of 
coordination compounds and a brief discussion of the techniques used in the 
investigation of the newly synthesized Schiff base complexes described in the 
present work are given below: 
1 - Infrared Spectroscopy 
2- Nuclear Magnetic Resonance Spectroscopy 
3- Electron Paramagnetic Resonance Spectroscopy 
4- Ultraviolet and Visible (Ligand Field) Spectroscopy 
5- Magnetic Susceptibility Measurements 
6- Mass Spectrometry 
7- Molar Conductance Measurements 
8- Elemental Analyses 
9- Job's Plot 
10- Fluorescence Spectroscopy 
INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample, some of the frequencies are 
absorbed while other frequencies are transmitted through the sample without 
being absorbed. The plot of the percent absorbance or percent transmittance 
against frequency, the result is an infrared spectrum. 
The term "infrared" covers the range of the electromagnetic spectrum between 
0.78 and 1000 \xm. In the infrared spectroscopy, wavelength is measured in 
"wavenumbers", which has unit as cm"'. 
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Wave number = 1 / wavelength in centimeters 
It is useful to divide the infrared region in to three regions; near, mid and far 
infrared. 
Region Wavelength range (|im) Wavenumber range (cm"') 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-10 
Theory of infrared absorption 
The IR radiation does not have enough energy to induce electronic transitions 
but has enough energy to induce vibrational and rotational transitions having 
small energy difference between vibrational and rotational states in the 
molecule. 
For a molecule to absorb IR radiations, the vibrations or rotations within a 
molecule must cause a net change in the dipole moment of the molecule. The 
alternating electrical field of the radiation (electromagnetic radiation consists of 
an oscillating electrical field and an oscillating magnetic field, perpendicular to 
each other) interacts with fluctuations in the dipole moment of the molecule. If 
the frequency of the radiation matches the vibrational frequency of the 
molecule then radiation will be absorbed, causing the change in the amplitude 
of molecular vibration. In the absorption of the radiation, only transition for 
which change in the vibrational energy level is AV = 1 can occur, since most of 
the transition will occur from stable VQ to Vi the frequency corresponding to 
its energy is called the fundamental frequency. 
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The group frequencies of certain groups characterize the group irrespective of 
the molecule in which these groups are attached. The absence of any band in 
the predicted region for the group indicates the absence of that particular group 
in the molecule. 
Molecular rotation 
Rotational levels are quantized, and absorption of IR by gases yields line 
spectra. However, in solids, these lines broaden in to a continuum due to 
molecular collisions and other interactions. 
Molecular vibrations 
The position of atoms in a molecule is not fixed; they are subject to a number 
of different vibrations. Vibrations fall in to the two main categories of 
strelching and bending. 
Stretching: Change in inter-atomic distance along bond axis 
• Symmetric 
• Asymmetric 
Bending: Change in angle between two bands. There are four types of bend: 
• Rocking : In-plane Rocking 
• Scissoring : In-plane Scissoring 
• Wagging : Out-of-plane wagging 
• Twisting : Out-of-plane twisting 
Vibrational coupling 
In addition to the vibrations mentioned above, interaction between vibrations 
can occur (coupling) if the vibrating bonds are joined to a single, central atom. 
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Vibrational coupling is influenced by a number of factors viz., strong coupling 
of stretching vibrations occurs when there is a common atom between the two 
vibrating bonds, coupling of bending vibrations occurs when there is a common 
bond between vibrating groups, coupling between a stretching vibration and a 
bending vibration occurs if the stretching bond is one side of an angle varied by 
bending vibration, coupling is greatest when the coupled groups have 
approximately equal energies, no coupling is seen between groups separated by 
two or more bonds. 
Important Group Frequencies in the IR Spectra Pertinent to the 
Discussion of the Newly Synthesized Compounds. 
(a) C=N Stretching Frequency 
Schiff bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates etc., 
show the C=N stretching frequency in the 1471-1689 cm"' region [1, 2]. The 
intensity of the C=N stretch is usually more than the C=C stretch. The C=N 
undergoes positive or negative shift upon coordination [2] 
(b) M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it provides 
direct information regarding the metal-nitrogen coordinate bond. Different 
amine complexes exhibited [2] the metal-nitrogen frequencies in the 300-450 
cm"' region. The involvement of the pyridine nitrogen in coordination is 
confirmed by the appearance of a strong-intensity band in the region 200-270 
cm"' corresponding to the v(M-Npy) [3,4]. 
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(c) M-X Stretching Frequency 
Metal-halogen stretching bands appear [2] in the region of 500-750 cm"' for 
M-F, 200-400 cm"' for M-Cl, 200-300 cm"' for M-Br and 100-200 cm"' for M-
I. 
(d) M-0 Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in different 
region for different metal complexes. The M-0 stretching frequency has been 
reported to appear in different region for different metal complexes. The M-0 
stretching frequency of nitrato complexes He in the range of 250-350 cm"'. 
Furthermore, unidentate nitrate group displays bands in the 1230-1260, 1020-
1080 and 870-890 cm"' region assigned [2] to v(N-O) vibrations. 
(e) Pyridine Ring Vibration 
The free pyridine molecule exhibits three important ring vibrations, i.e., 6a and 
8a vibrations (in-plane ring deformations) appearing around 601 and 1578 cm"' 
respectively [3,4] while the 16b vibration (out-of-plane ring deformation) is 
observed around 403 cm"'. It has been indicated that the positions of the two 
lower bands are very sensitive and undergo a positive shift upon coordination. 
The magnitude of the positive shift is reported to be a function of the 
stereochemistry and the nature of the metal ions. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
'H-NMR Spectroscopy 
Nuclear Magnetic Resonance Spectroscopy is a powerfiil and theoretically 
complex analytical tool where experiments performed on the nuclei of atoms. 
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The chemical environment of specific nuclei is deduced from information 
obtained about the nuclei which is assumed to rotate about an axis and thus 
have the property of spin. In many atoms (such as '^ C) these spins are paired 
against each other, such that the nucleus of the atom has no overall spin. 
However, in some atoms (such as 'H and '^ C) the nucleus does possess an 
overall spin. The rules for determining the net spin of a nucleus are as follows: 
1. If the number of neutrons and the number of protons are both even, then 
the nucleus has no spin. 
2. If the number of neutrons plus the number of protons are both odd, then 
the nucleus has a half-integer spin (i.e. Vi, 3/2, 5/2). 
3. If the number of neutrons and the number of protons are both odd, then 
the nucleus has an integer spin (i.e. 1, 2, 3). 
The overall spin, I, is important. Quantum mechanically a nucleus of spin I will 
have 21+1 possible orientations. The nuclei with I = 0, do not possess spin 
angular momentum and do not exhibit magnetic resonance phenomena. The 
nuclei of '^ C and '^0 fall into this category. Nuclei for which I = V2 include 'H, 
" F , '^C, ^'P and '^ N, while ^H and '^ N have I - I. 
Since atomic nuclei are associated with charge, a spinning nucleus generates a 
small electric current and has a finite magnetic field associated with it. The 
magnetic dipole, |i, of the nucleus varies with each moment. When a spinning 
nucleus is placed in a magnetic field, the nuclear magnet, experiences a torque 
which tends to align it with the external field. For a nucleus with a spin of V2, 
there are two allowed orientations of the nucleus, parallel to the field (low 
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energy) and against the field (high energy). Since the parallel orientation is 
lower in energy, this state is slightly more populated than the anti-parallel, high 
energy state. 
If the orientated nuclei are now irradiated with electromagnetic radiation of the 
proper frequency, the lower energy state will absorb a quantum of energy and 
spin-flip to the high energy state. When this spin transition occurs, the nuclei 
are said to be in resonance with the applied radiation, hence the name Nuclear 
Magnetic Resonance. 
'^C-NMR Spectroscopy 
'''C has a nuclear spin of V2 and can be observed by NMR at a frequency of 
10.705 MHz at field strength of 10 Kilogauss. The analysis is limited by the 
following: 
The relative abundance of '•'C is only 1.1% (compared to '^ C), the '^ C 
resonance has only 1.6 % the sensitivity of the 'H resonances and the relaxation 
time for '^ C is longer than 'H. '^C chemical shifts span slightly over 200 ppm 
in contrast to the typical 8 to 9 ppm range in the 'H-NMR; thus considerably 
more structural information is generally available from '•'C-NMR chemical 
shift data. A second very important difference between 'H and '^ C-NMR 
spectroscopy is that diamagnetic effects are dominant in the shielding of the 
hydrogen nucleus, whereas paramagnetic effects are the dominant contributors 
to the shielding of the '^ C nucleus. Long-range shielding effects that were 
important in the ' H-NMR are less important in '^ C-NMR. As a result, '^ C 
chemical shifts generally do not parallel 'H chemical shifts. Since the spin 
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number for '^ C is the same for 'H, the same rules apply for predicting the 
multiplicity of this absorption. The coupling constants for '^C-'H are large 
(100-250 Hz) and thus interpretation of the '^ C spectra can be difficult because 
of the overlapping '"'C-'H multiplets. To simplify the spectrum, '"'C-NMR 
spectra are generally recorded under double resonance conditions in which the 
coupling of 'H to '^ C is destroyed. Complete 'H coupling is accomplished by 
irradiating the 'H to resonance region with a broad band width radio frequency 
radiation, termed "noise", sufficient to cover the entire 'H resonance region. 
The '^ C-NMR spectra thus obtained contain only singlet resonances 
corresponding to its chemical shifts. 
ELECTRON SPIN RESONANCE SPECTROSCOPY 
Electron spin resonance is a branch of absorption spectroscopy in which 
radiation of microwave frequency is absorbed by molecules possessing 
electrons with unpaired spins. 
Gorter demonstrated [5, 6] that a paramagnetic salt when placed in a high 
frequency alternating magnetic field absorbs energy, which is influenced by the 
application of a static magnetic field either parallel or perpendicular to the 
alternating magnetic field. The degeneracy of a paramagnetic ion is lifted in a 
strong static magnetic field and the energy levels undergo Zeeman splitting. 
Application of an oscillating magnetic field of appropriate frequency will 
induce transitions between the Zeemen levels and the energy is absorbed from 
the electromagnetic field. If the static magnetic field is slowly varied, the 
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absorption shows a series of maxima. The plot between the absorbed energy 
and the magnetic field is called the electron paramagnetic resonance spectrum. 
A system exhibit paramagnetism wherever it has a resultant angular 
momentum. Such paramagnetic system includes, elements containing 3d, 4d, 
4f, 5d, 5f, 6d etc. electrons, atom having an odd number of electrons like 
hydrogen, molecules containing odd number of electrons such as NO2, NO etc. 
and free radicals which possess an unpaired electron like methyl free radical, 
diphenylpicryl hydrazyl free radical etc. are among the suitable reagents for 
EPR investigation. Splitting of energy levels in EPR occurs under the effect of 
two types of fields, namely the internal crystalline field and applied magnetic 
field. While studying a paramagnetic ion in a diamagnetic crystal lattice, two 
types of interactions are observed, i.e., interactions between the paramagnetic 
ions called dipolar interaction and the interactions between paramagnetic ion 
and the diamagnetic neighbour called crystal field interaction. For small doping 
amount of paramagnetic ion in the diamagnetic host, the dipolar interaction will 
be negligibly small. The later interaction of paramagnetic ion with diamagnetic 
ligands modifies the magnetic properties the paramagnetic ions. According to 
crystal field theory, the ligand influences the magnetic ion through the electric 
field, which they produce at its site and their orbital motion gets modified. The 
crystal field interaction is affected by the outer electronic shells. 
The dipole-dipole interaction arises from the influence of magnetic field of one 
paramagnetic ion on the dipole moments of the similar neighboring ions. The 
local field at any given site will depend on the arrangements of the neighbors 
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and the direction of their dipole moments. Thus resultant field varies from site 
to site giving a random displacement of the resonance frequency of each ions 
and thus broadening the line widths. 
Hyperfine interactions are mainly magnetic dipole interactions between the 
electronic magnetic moment and the nuclear magnetic moment of the 
paramagnetic ion. The quartet structure in the EPR of vanadyl ion is the results 
of hyperfine interactions. The origin of this can be understood simply by 
assuming that the nuclear moment produces a magnetic field BN at the 
magnetic electrons and the modified resonance condition will be E = hv = gp 
|B + BNI where BN takes up 2I+I, where I is the nuclear spin. There may be an 
additional hyperfine structure also due to interaction between magnetic 
electrons and the surrounding nuclei called superhyperfine structure. The effect 
was first observed by Owens and Stevens in ammonium hexachloroiridate [7] 
and subsequently for a number of transition metal ions in various hosts [8, 9]. 
ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) SPECTRO-
SCOPY 
Most of the compounds absorb light somewhere in the spectral region between 
200 and 1000 nm. These transitions correspond to the excitation of electrons of 
the molecules from ground state to higher electronic states. In a transition metal 
all the five d-orbitals viz., dxy, dy^ , d.^ , d^ and dx2.y2 are degenerate. However, 
in coordination compounds due to presence of ligands this degeneracy is lifted 
and d-orbitals split in to two groups called t2g (dxy, dyz and dxz) and Cg (dz2 and 
dx2-y2) in an octahedral complex and t and e in a tetrahedral complex. The set of 
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t2g orbitals goes below and the set of eg orbitals goes above the original level of 
the degenerate orbitals in an octahedral complex. In case of the tetrahedral 
complexes the position of the two sets of the orbitals is reversed, the e going 
below and t going above the original degenerate level. When a molecule 
absorbs radiation, its energy equal in magnitude to hv and can be expressed by 
the relation: 
E = hv 
or E = hc/A, 
Where h is Planck's constant, v and X are the frequency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device of 
energy level diagram based upon 'Russeell Saunders Scheme' must be 
introduced. This has the effect of splitting the highly degenerate configurations 
in to groups of levels having lower degeneracies known as 'Term Symbols'. 
The orbital angular momentum of electrons in a filled shell vectorically adds up 
to zero. The total orbital angular momentum of an incomplete d shell electron 
is observed by adding L value of the individual electrons, which are treated as a 
vector with a component ml in the direction of the applied field. Thus, 
L = limli=0, 1,2,3,4,5,6 
S,P,D,F,G,H,I 
The total spin angular momentum S Ej Sj where Sj is the value of spin angular 
momentum of the individual electrons. S has the degeneracy x equal to 2S + 1, 
which is also known as 'Spin Multiplicity'. Thus a term is finally denoted as 
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'TL'. For example, if S = land L = 1, the term will be P^ and similarly if S == 1 
1/2, and L= 3, the term will be '^ F. 
In general the terms arising from a d" configuration are as follows: 
d'd^ : D^ 
d-d** : ^F, ^P, 'G, 'D, 'S 
dV : ^ F / P , ^H, ^ G, ¥ , ^D(2), 2p 
dM' : ^D, ^H, 'G , M2), ^D, 'P(2), 'I, 'G(2), 'F , 'D(2), 'S(2) 
d' : % % 'F, 'D, '?, \ 'H , 'G(2),2F(2), 'D(3), ^P, ' S 
Coupling of L and S also occurs, because both L and S if non-zero, generate 
magnetic fields and thus tend to orient their moments with respect to each other 
in the direction where their interaction energy is least. This coupling is known 
as 'LS coupling' and give rise to resultant angular momentum denoted by 
quantum number J which may have quantized positive values from | L + S | up 
to I L - S I e.g., in the case of ¥ (L = 1, S =1), "F (L - 3, S = 1 V2) possible 
values of J representing state, arising from term splitting are 2, 1 and 0 and 4 
V2, 3 Vi, 2 V2 and 1 Vi. Each state is specified by J is 2J + 1 fold degenerate. The 
total number of states obtained from a term is called the multiplet and each 
value of J associated with a given value of L is called component. Spectral 
transitions due to spin-orbit coupling in an atom or ion occurs between the 
components of two different multiplets while LS coupling scheme is used for 
the elements having atomic number less than 30, in that case spin-orbital 
interactions are large and electrons repulsion parameters decreases. The spin-
angular momentum of an individual electron couples with its orbital 
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momentum to give an individual J for that electron. The individual J's couple to 
produce a resultant J for the atom. The electronic transitions taking place in an 
atom or ion are governed by certain 'Selection Rules' which are as follows: 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are 
forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between 
two gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron 
configuration. The ligand field splitting due to cubic field can be obtained by 
consideration of group theory. It has been shown that an S state remains 
unchanged. P state does not split, and D state splits in to two and F state in to 
three and G state in to four states as tabulated below: (Applicable for an 
octahedral 'Oh' as well as tetrahedral 'Td' symmetry). 
S A, 
P T, 
D E + T2 
F A2 + T1+T2 
G A2 + E + T,+T2 
Transitions from the ground state to the excited state occur according to the 
selection rules described earlier. The energy level order of the states arising 
from the splitting of a term state for a particular ion in an octahedral field is the 
reverse that of the ion in a tetrahedral field. However, due to transfer of charge 
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from ligand to metal or metal to ligand, sometimes bands appear in the 
ultraviolet region of the spectrum. These spectra are known as 'Charge Transfer 
Spectra' or 'Redox Spectra'. In metal complexes there are often possibilities 
that charge transfer spectra extend in to the visible region to obscure d-d 
transition. However, these should be clearly discerned from the ligand bands, 
which might also occur in the same region. 
MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal complexes have 
been found to provide ample information in assigning their structure. The main 
contribution to bulk magnetic properties arises from magnetic moment 
resulting from the motion of electrons. It is possible to calculate the magnetic 
moments of known compounds from the measured values of magnetic 
susceptibility. 
There are several kinds of magnetism in substances viz., diamagnetism, 
paramagnetism and ferromagnetism or antiferromagnetism. Mostly compounds 
of the transition elements are paramagnetic. Diamagnetism is attributable to the 
closed shell electrons with an applied magnetic field. In the closed shell the 
electron spin moment and orbital moment of the individual electrons balance 
one another so that there is no magnetic moment. Ferromagnetism and 
antiferromagnetism arise as a result of interaction between dipoles of 
neighboring atoms. 
If a substance is placed in a magnetic field H, the magnetic induction B with 
the substance is given by 
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B = H + 47il 
Where I is the intensity of magnetization. The ratio B/H is called magnetic 
permeability of the material and is given by 
B/H = I + 47t(I/H) = I + 47iK 
Where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the 
substance to the density of such lines in the same region in the absence of 
sample. Thus the volume susceptibility of a vacuum is by definition zero since 
in vacuum B/H =1. 
When a magnetic susceptibility is considered on the weight basis, the gram 
susceptibility (Xg) is used instead of volume susceptibility. The f^ ff value can 
then be calculated from susceptibility multiplied by the molecular weight and 
corrected for diamagnetic value as 
Where, T is the absolute temperature at which the experiment is performed. 
The magnetic properties of any individual atom or ion will result from some 
combination of these two properties that is the inherent spin moment of the 
electron and the orbital moment resulting from the motion of the electron 
around the nucleus. The magnetic moments are usually expressed in Bohr 
Magnetons (BM). The magnetic moment of a single electron is given by 
As=W5(S + l)5M 
Where S is the spin quantum number and g is the gyromagnetic ratio. For 
Mn^ ,^ Fe^ ^ and other ions whose ground states are S states there is no orbital 
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angular momentum. In general, the transition metal ions in their ground state D 
or F being most common do possess orbital angular momentum. For ions such 
as Co^ ^ and Ni^ ,^ the magnetic moment is given by 
In which L represents the orbital angular momentum quantum number for the 
ion. 
The spin magnetic moment is insensitive to the environment of the metal ion, 
the orbital magnetic moment is not. In order for an electron to have an orbital 
angular momentum and thereby an orbital magnetic moment with reference to 
a given axis, it must be possible to transform the orbital into a fully equivalent 
orbital by rotation about that axis. 
For octahedral complexes the orbital angular momentum is absent for Aig, A2g 
and Eg terms, but can be present for Tig and T2g terms. The magnetic moments 
of the complexes possessing T ground terms usually differ from the high spin 
value and vary with temperature. The magnetic moments of the complexes 
having a ^Aig ground term are very close to the spin-only value and are 
independent of the temperature. 
For octahedral and tetrahedral complexes in which spin-orbit coupling causes a 
split in the ground state an orbital moment contribution is expected. Even no 
splitting in the ground state appears in cases having no orbital moment 
contribution, an interaction with higher states can appear due to spin-orbit 
coupling giving an orbital moment contribution. 
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AW, std 
Practically the magnetic moment value of an unknown complex is obtained on 
Gouy Magnetic Balance. Faraday method can also be applied for the magnetic 
susceptibility measurements of small quantity of solid samples. 
The gram susceptibility is measured by the following formula 
_AW ^ , , 
Where Xg = Gram Susceptibility 
AW = Change in weight of the unknown sample with magnet 
on and off. 
W = Weight of the known sample 
Change in weight of standard sample with magnet on 
and off A''r^ ^ ^ \ T : 
Wstd = Weight of standard sample. i>^A€c. N<) )^ | 
Xstd "^  Gram Susceptibility of the Standard s a m p k v ^ ^ ' w ^ __,^ ^Z 
M A S S SPECTROMETRY ^ 
In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The positive fragments which are 
produced (cations and radical cations) are accelerated in a vacuum through a 
magnetic field and are sorted based on the mass-to-charge ratio. Since the bulk 
of the ions produced in the mass spectrometer carry a unit positive charge, the 
value m/e is equivalent to the molecular weight of the fragment. The analysis 
of mass spectroscopy information involves the re-assembling of fragments, 
working backwards to generate the original molecule. 
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A very low concentration of sample molecules is allowed to leak in to the 
ionization chamber (which is under a very high vacuum) where they are 
bombarded by a high-energy electron beam. The molecules fragment and the 
positive ions produced are accelerated through a charged array into an 
analyzing tube. The path of the charged molecules is bent by an applied 
magnetic field. Ions having low mass (low momentum) will be deflected most 
by this field and will collide with the walls of the analyzer. Likewise, high 
momentum ions will not be deflected enough and will also collide with the 
analyzer wall. Ions having the proper mass-to-charge ratio, however, will 
follow the path of the analyzer, exit through the slit and collide with the 
collector. This generates an electric current, which is then amplified and 
detected. By varying the strength of the magnetic field, the mass-to-charge 
ratio which is analyzed can be continuously varied. 
The output of the mass spectrometer shows a plot of relative intensity vs the 
mass-to-charge ratio (m/e). The most intense peak in the spectrum is termed the 
base peak and all others are reported relative to it's intensity. The peaks 
themselves are typically very sharp, and are often simply represented as 
vertical lines. 
The process of fragmentation follows simple and predictable chemical 
pathways and the ions, which are formed, will reflect the most stable cations 
and radical cations, which that molecule can form. The highest molecular 
weight peak observed in a spectrum will typically represent the parent 
molecule, minus an electron, and is termed the molecular ion (M"^ ). Generally, 
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small peaks are also observed above the calculated molecular weight due to the 
natural isotopic abundance of '^C, ^H, etc. Many molecules with especially 
labile protons do not display molecular ions; an example of this is alcohol, 
where the highest molecular weight peak occurs at m/e one less than the 
molecular ion (m-1). Fragments can be identified by their mass-to-charge ratio, 
but it is often more informative to identify them by the mass which has been 
lost. That is, loss of a methyl group will generate a peak at m-15; loss of an 
ethyl, m-29, etc. 
CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
R=p[l/A] 
Where I is the length of a sample of electrolyte and A is the cross sectional 
area. The symbol p is the proportionality constant and is a property of a 
solution. This property is called resistivity or specific resistance. The reciprocal 
of resistivity is called conductivity, K 
K = 1/p 1/RA 
Since 1 is in cm, A is in cm and R in ohms (Q), the units of K are Q' cm' or S 
cm"' (Siemens per cm). 
MOLAR CONDUCTIVITY 
If the conductivity K is in Q'' cm"' and the concentration C is in mol cm"^ , then 
the molar conductivity A is in Q"' cm^ mol"' and is defined by 
A = K/C 
Where C is the concentration of solute in mol cm" 
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Conventionally solutions of 10"^  M concentration are used for the conductance 
measurements. Molar conductance values of different types of electrolytes in a 
few solvents are given below: 
A 1:1 electrolyte may have a value of 70-95 Q'' cm^ mof' in nitromethane, SO-
TS Q'' cm^ mof' in dimethyl formamide and 100-160 Q'' cm^ mof' in methyl 
cyanide. Similarly a solution of 2:1 electrolyte may have a value of ISO-180 Q" 
' cm^ mof' in nitromethane, 130-170 Q"' cm^ mol"' in dimethyl formamide and 
140-220 O"' cm^ mol"' in methyl cyanide [10-12]. 
ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric composition 
of the ligand as well as its metal complexes. Carbon, hydrogen and nitrogen 
analyses were carried out on a Perkin Elmer-2400 analyzer. Chloride was 
analyzed by conventional method [13] where a known amount of the sample 
was decomposed in a platinum crucible and dissolved in water with a little 
concentrated nitric acid. The solution was then treated with silver nitrate 
solution. The precipitate was then dried and weighed. 
For the metal estimation [14], a known amount of complex was decomposed 
with a mixture of nitric, perchloric and sulphuric acids in a beaker. It was then 
dissolved in water and made up to known volume so as to titrate it with 
standard EDTA. 
JOB'S METHOD 
Job's method of continuous variation is a commonly used procedure for 
determining the composition of complexes in solution [15]. Job's method, as 
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commonly practiced, as carried out in batch mode by mixing aliqots of two 
equimolar stock solutions of metal and ligand. These solutions are prepared in 
a manner such that the total analytical concentration of metal plus ligand is 
maintained constant while the ligand: metal ratio varies from flask to flask, that 
is: 
CM + CL = k 
Where CM and CL are the analytical concentrations of metal and ligand, 
respectively, and k is a constant. The absorbance is plotted as a function of 
mole fraction (X) of ligand or metal in the flasks. 
WhereX = XLorXM 
XL = CL / CM +CL 
^M ~ CM / CM / + CL 
XL is the mole fraction of the ligand and XM is the mole fraction of the metal. 
The resulting curves, called job's plot, yields a maximum (or minimum) the 
position of which indicates the ligand: metal ratio of the complex in solution. 
For example, a maximum corresponding to 0.5 on the mole ratio fraction of 
ligand scale suggests a complex of 1:1 composition, which maxima at 0.67 and 
0.75 indicate complexes of 2:1 and 3:1 ligand: metal ratios, respectively. 
FLUORESCENCE SPECTROSCOPY 
With some molecules, the absorption of a photon is followed by the emission 
of light of a longer wavelength (i.e. lower energy). This emission is called 
fluorescence (or phosphorescence, if the emission is long lived). There are 
many environmental factors that affect the fluorescence spectrum; furthermore. 
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fluorescence efficiency is also environmentally dependent. Because these 
parameters of fluorescence are more sensitive to the environment than are those 
of absorbance and because smaller amounts of material are required, 
fluorescence spectroscopy is frequently of greater value than absorbance 
measurement. With macromolecules, fluorescence measurements can give 
information about conformation, binding sites, solvent interactions, degree of 
flexibility, intermolecular distances and rotational diffusion coefficient of 
macromolecules. Furthermore, with living cells, fluorescence can be used to 
localize otherwise undetectable substances. 
As with other physical methods, the theory of fluorescence is not yet adequate 
to permit a positive correlation between fluorescent spectrum and the properties 
of the immediate environment of the emitter; hence the utility of the procedure 
is based on establishing empirical principles from studies with model 
compoimds. 
The excited molecule does not always fluoresce. The probability of 
fluorescence is described by the quantum yield, Q that is the ratio of the 
number of emitted to absorbed photons. Several factors determine Q, some of 
these are properties of the molecule itself (internal factors) and some are 
environmental. 
The internal factors are not generally of interest to biochemist concerned with 
the properties of macromolecules, environmental factors are more important. 
The effect of the environment is primarily to provide radiation less processes 
that compete with fluorescence and thereby reduce Q, this reduction in Q is 
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called quenching. In biological systems, quenching is usually a result of either 
coUisional processes (either a chemical reaction or simply collision with 
exchange of energy) or a long range radiative process called resonance energy 
transfer. These three factors are usually expressed in an experimental situation 
involving solutions as an effect of the solvent or dissolved compounds (called 
quenchers), temperature, pH, neighboring chemical groups, or the 
concentration of the fluor. 
It is important to know that distinction between a corrected spectrum and an 
uncorrected one is not often made in the presentation of fluorescence spectra in 
journal articles. It is common to plot a spectrum as the photomultiplier output 
versus wavelength. This is an uncorrected spectrum. Plotting fluorescence 
intensity or quantum yield produces a corrected spectrum. Invariably, when 
photomultiplier output is plotted, it is commonly called fluorescence or 
fluorescence intensity. 
To measure Q requires the counting of photons because 
Q = photons emitted/ photons absorbed 
Q is a dimensionless quantity 
Because the energy, E, of one photon is related to the frequency, v of the light 
by the relation E = hv, a measurement of the number of photons requires 
measuring the energy of the radiation and correcting for frequency. This usual 
method for determining Q requires a comparison with a fluor of known Q, two 
solutions are prepared -one of the samples and one of the standard fluor - and. 
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with the same exciting source, the integrated fluorescence (i.e. the area of the 
spectrum) of each is measured. 
The quantum yield, Qx, of a sample X is 
Q, = I,QA/IsAx 
Where Qs is the quantum yield of the standard, Ix and Is are the integrated 
fluorescence intensities of the sample and the standard, respectively and Ax and 
As are the percentage of absorption of each solution at the exciting wavelength. 
Usually the solutions are adjusted so that Ax = As. 
Two types of flours are used in fluorescence analysis of macromolecules-
intrinsic fluors (contained in the macromolecules themselves) and extrinsic 
fluors (added to the system, usually binding to one of the components). 
For proteins, there are only three intrinsic fluors- tryptophan, tyrosine and 
phenylalanine. The fluorescence of each of them can be distinguished by 
exciting with and observing at the appropriate wavelength. In practice, 
tryptophan fluorescence is most commonly studied, because phenylalanine has 
a very low Q and tyrosine fluorescence is frequently very weak due to 
quenching. The fluorescence of tyrosine is almost totally quenched if it is 
ionized, or near an amino group, a carboxyl group, or a tryptophan. In special 
situations, however, it can be detected by excitation at 280 nm. The principle 
reason for studying the intrinsic fluorescence of proteins is to obtain 
information about conformation. This is possible because the fluorescence of 
both tryptophan and tyrosine depends significantly on their environment (i.e. 
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solvent, pH and presence of a quencher, a small molecule, or a neighboring 
group in the protein). 
Agarose gel electrophoresis pBR322 plasmid DNA after 
measurement with ligand and complex 
Reaction mixtures (30 1^) contained 10 mM Tris-HCl, pH 7.5, 0.5 ng plasmid 
DNA and other components as described in the figure legend (Fig 1). 
Incubation was carried out at 37 "^C for 2 hr. After the incubation, 10 fil of a 
solution containing 40 mM EDTA, 0.05% bromo phenol blue tracking dye and 
50% (v/v) glycerol was added and the mixture was subjected to electrophoresis 
on 1% agarose gel. The gel was stained with ethidium bromide (0.5 mg/ml), 
viewed and photographed on a UV transilluminator. 
Reaction of ligand and complex with calf thymus DNA and digestion 
with Si nuclease 
Reaction mixtures (0.5 ml) containing 10 mM Tris-HCl (pH 7.5), 500 ng DNA 
and various concentrations of ligands / Cu(II) complex are shown in the figure 
legend (Fig 2) Incubation was performed at 37 °C for 2 hr. All solutions were 
sterilized before use. Single strand specific nuclease digestion was performed 
as described by Naseem and Hadi [16]. Acid soluble deoxyribonucleotides 
were determined colorimetrically [17]. 
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Fig 1: Agarose gel electrophoretic pattern of ethidium bromide stained 
pBR322 DNA after treatment with Ligand/ Complex. Lanes: (1) DNA alone as 
control; (2,3,4) DNA+ Ligand [25, 50,100 fiM respectively]; (5,6,7) DNA + 
Complex [25, 50,100 |iM respectively].The positions of open circular (OC) , 
linear (Lin) and supercoiled (SC) are indicated. 
Assay of active oxygen species 
Superoxide anion was detected by the reduction of nitroblue tetrazolium (NBT) 
essentially as described by Nakayama et al [33]. A typical assay mixture 
contained 50 mM potassium phosphate buffer (pH 7.5), 33 ^M NBT, 0.1 mM 
EDTA and 0.06% Triton X-100 and 200 |iM of ligand/complex in a total 
volume of 3.0 ml. After mixing, absorbance was recorded at 560 nm against a 
blank, which did not contain the compound, at different time intervals as 
described in the figure legend (Fig 3). 
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Concentration (pM) 
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Fig 2: Degradation of calf thymus DNA as a function of increasing 
concentrations (25-200 |iM) of Ligand (•) and Complex (•) as measured by Si 
nuclease digestion. All points represent triplicate samples and mean values 
plotted. 
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Fig 3: Generation of superoxide anion by ligand (•) and Complex (•) assessed 
after different intervals of time. All points represent triplicate samples 
and mean values plotted. 
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Chapter III 
Synthesis and physico-chemical 
studies on complexes of 1,2-
diaminophenyl-N,N'-bis-(2-
pyridinecarboxaldimine) , (L) : A 
spectroscopic approach on 
binding studies of DNA with the 
copper complex 
INTRODUCTION 
Schiff base ligands have played an integral and important role in the development 
of coordination chemistry since late 19"' century. The metal complexes of these 
ligands are ubiquitous due to their facile synthesis, wide applications and the 
accessibility of diverse structural modifications [1]. The chemistry of Schiff base 
ligands and their metal complexes have expanded enormously which encompass 
vast area of organometallic compounds and various aspects of bioinorganic 
chemistry [2]. Schiff bases have been reported to show a variety of biological 
actions by virtue of the azomethine linkage, which is responsible for various 
antibacterial, antifungal, herbicidal, clinical and analytical activities [3-6]. Schiff 
bases and their complexes have gained additional importance due to their ability to 
reversibly bind oxygen [7a], catalytic activity in hydrogenation of olefins [7b], 
transfer of an amino group [7c], photochromic properties [7d], and complexing 
ability towards some toxic metals [7e]. The chemistry of metal complexes 
containing salen-type Schiff base ligands derived from condensation of aldehydes 
and amines is of enduring significance, since they have common features with 
metalloporphyrins with respect to their electronic structure and catalytic activities 
that mimic enzymatic oxidation [8]. A number of aldehydes and ketones have 
been found to react with o-phenylenediamine leading to the formation of 
azomethine linkage exhibiting a broad spectrum of biological activities. During 
the last decade, coordination chemistry of Schiff bases derived from 2-
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pyridinecarboxaldehyde has received much attention [9-13]. Recently there has 
been tremendous interest in studies related to the interaction of transition metal 
ions with nucleic acid because of their relevance in the development of new 
reagents for biotechnology and medicine [14]. These studies are also important to 
understand the toxicity of drugs containing metal ions [15, 16]. There has also 
been substantial interest in the rational design of novel transition metal complexes, 
which bind and cleave duplex DNA with high sequence and structure selectivity 
[17-19]. Indeed, there is already a considerable literature involving the practical 
use of transition metal complexes as chemical nucleases [20-23]. The features 
common to these complexes are that the molecule has a high affinity for double-
stranded DNA and that the molecule also binds a redox active metal ion cofactor. 
The ligand or the metal in these complexes can be varied in an easily controlled 
manner to facilitate an individual application. All the studies revealed that 
modification of the metal or ligand would lead to subtle or substantial changes in 
the binding modes, location and affinity [24,25], giving rise to changes to explore 
various valuable conformation or site-specific DNA probes and potential 
chemotherapeutic agent [19-22, 26]. A complex of l,2-diaminophenyl-N,N'-bis-
(2-pyridinecarboxaldimine) has been reported with Ru(III) but the Schiff base was 
generated in situ and it was explored for its catalytic activity [27]. It was, 
therefore, thought worthwhile to synthesize and isolate this novel tetradentate 
Schiff base ligand, (L). It was achieved by carrying out the condensation reaction 
between 2-pyridinecarboxaldehyde and o-phenylenediamine. The complexes of 
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the type, [ML(N03)2] [Co(Il),NI(II),Cu(II) and Zn(II)] were synthesized by 
interaction of ligand, (L) with appropriate metal(II) nitrates, characterized by 
various physico-chemical methods and binding study of its Cu(II) complex has 
been screened with calf thymus DNA. 
Physical Measurements 
Elemental analyses were obtained from microanalytical laboratory of C.D.R.I., 
Lucknow, India. IR spectra (4000-200 cm"') were recorded as KBr/CsI disc on a 
Perkin-Elmer 621 spectrophotometer. The 'H and '"'C NMR spectra were recorded 
in DMS0-d6 using Bruker AC 200E NMR spectrometer from B.H.U., Varanasi. 
Metals were estimated volumetrically [28]. The electronic spectra of the 
complexes in DMSO were recorded on Pye-Unicam 8800 spectrophotometer. The 
electrical conductivity (10"^  M solution in DMSO) was obtained on a systronic 
type 302 conductivity bridge equilibrated at 25°C ± 0.1 °C. The magnetic moment 
measurements (Faraday balance) were made at room temperature. Fluorescence 
measurements on complex (3) were performed on Shimadzu 5301 PC 
spectrofluorimeter equipped with a 1 SOW Xenon lamp and a slit width of 5 nm. A 
1.00 cm quartz cell was used for measurements. For the determination of binding 
parameters, 2.5 ^M of complex solution was taken in a quartz cell and increasing 
amounts of ct DNA solution was titrated. Fluorescence spectra were recorded at 
temperature 310 K in the range of 300-500 nm upon excitation at 296 (^x was 296 
nm). The UV measurements of calf thymus DNA were recorded on a Shimadzu 
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UV-1700 double beam spectrophotometer using a cuvette of I cm path length. 
Absorbance value of DNA in the absence and presence of complex were made in 
the range of 200-300 nm. DNA concentration was fixed at O.lmM, while the 
complex concentration was varied from 2.5 ^M to 15 |J,M. 
Experimental 
The metal nitrates, M(N03)2.6H20 and Cu(N03)2.3H20 [where M = Co (II), Ni(II) 
and Zn(II)], o-phenylenediamine and 2-pyridinecarboxaldehyde (all E. Merck) 
were used as received. Methanol (E. Merck) used as solvent was of A.R. grade. 
Highly polymerized calf thymus DNA sodium salt (7% Na content) was purchased 
from sigma. Other chemicals were of reagent grade and used without further 
purification. Calf thymus DNA was dissolved to 0.5% w/w, (12.5 mM 
DNA/phosphate) in 0.1 M sodium phosphate buffer (pH 7.40) at 310 K for 24 h 
with occasional stirring to ensure formation of homogeneous solution. The purity 
of DNA solution was checked from the absorbance ratio A26o/A28o- Since the 
absorption ratio lies in the range 1.8<A26o/A28o>l-9, therefore no further 
deproteinization of DNA was needed. The stock solution of complex (3) with 5 
mg/ml was also prepared. 
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Synthesis of Ligand: 
Synthesis of l,2-diantinophenyl-N,N'-bis-(2-pyridinecarboxaldimme), (L) 
A methanolic solution of o-phenylenediamine (5 mmol, 0.540 g) was magnetically 
stirred in a round bottom flask followed by dropwise addition of 2-
pyridinecarboxaldehyde (10 mmol, 0.96 ml). The reaction mixture was then 
refluxed for 4-5 h resulting in a clear yellow colored solution. The resultant 
solution was kept on evaporation at room temperature leading to the isolation of 
pale yellow microcrystalline product after few weeks. 
Synthesis of Complexes: 
Synthesis of dinitrato (l,2-diaminophenyl-N,N'-bis-(2-pyridinecarboxaldimine) 
metal(II), fML(N03)2l [M=Co(II) (1), ^KW (2), Cu(U)(3) andZn(II) (4)J 
A methanolic solution of Schiff base ligand, (L) (5 mmol, 0.143 g) was added 
dropwise to the methanolic solution of metal salt (5 mmol). The reaction mixture 
was refluxed for 5 h leading to the formation of colored solid product. The product 
thus formed was filtered, washed with methanol and dried in vacuo. 
Binding Analysis of Complex (3) 
To elaborate the fluorescence quenching mechanism the Stem-Volmer equation 
was used for data analysis [29]. 
F, /F- l+Ksv[Q] (1) 
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Where FQ and F are the steady-state fluorescence intensities in the absence and 
presence of quencher, respectively. Ksv the Stem-Volmer quenching constant and 
[Q] is the concentration of quencher (DNA). The Hnearity of the F o / F versus [Q] 
(Stem-Volmer) plots for DNA complex (3) depicts that the quenching may be 
static or dynamic, since the characteristic Stem-Volmer plot of combined 
quenching (both static and dynamic) is an upward curvature (Fig 1). The 
quenching constant (Ksv) was calculated to be 2.91 X lO'' Lmol"'. When ligand 
molecules bind independently to set of equivalent sites on macromolecule, the 
equilibrium between free and bound molecules is given by the equation [30]. 
log [{FfrF)l F | = log K + n log[Q] (2) 
Where K and n are the binding constant and the number of binding sites, 
respectively. Thus, a plot of log (Fo-F)/ F versus log [Q] can be used to determine 
K as well as n. The values of K and n were found to be (0.31 ± 0.19) x 10"^  M"' 
and 0.75, respectively. 
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Figure 1. Stem-Volmer plot for the binding of ct DNA with complex (3) at 298 K 
Results and Discussion 
A Schiff base ligand, (L) was synthesized by the condensation of o-
phenylenediamine and 2-pyridinecarboxaldehyde in 1:2 molar ratio in methanolic 
medium (Scheme 1). The level of the purity of the ligand was_checked by running 
TLC on silica gel coated plate using EtOAc-MeOH (6:4 v/v) as eluent. The 
complexes of the type, [ML(N03)2] [M = Co(II), Ni(II), Cu(II) and Zn(II)] (1-4) 
were synthesized by the reaction of ligand, (L) with the appropriate metal(II) 
nitrate in 1:1 molar ratio in methanolic medium. The elemental analyses agree 
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well with the proposed composition of ligand and its complexes (Table 1). 
Formation of the Schiff base ligand, (L) and its complexes was inferred from the 
spectroscopic data obtained from FT-IR, H and C NMR spectra. The geometry 
around the metal ion in the complexes was deduced from the absorption bands 
observed in UV-visible spectra and magnetic moment values. The complexes were 
stable at room temperature, soluble in water, DMSO and methanol. The low molar 
conductivity values of all the complexes suggest their non-ionic nature. 
Unfortunately, all attempts failed to get a single crystal of the ligand as well as the 
complexes suitable for X-ray crystallography. 
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MeOH Reflux >^ 1 AMC ^ . 
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=N N= 
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(L) 
MeOH M(N03)2-nH20 
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:N N= 
X| . ^ M - N, /> 
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-^ O2NO ONO2 ^ ^ 
[ML(N03)2] 
L = l,2-diaminophenyl-N,N'-bis(2-pyridinecarboxaldimine) 
M = Co(II), Ni(II), Cu(II) and Zn(II); 
Scheme 1: Suggested scheme of the proposed Schiff base and its 
complexes 
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IR Spectra 
The preliminary identification regarding the formation of the Schiff base ligand 
and its complexes was made on the basis of IR spectral findings (Table 2). The 
absence of bands characteristic of the amino groups, V(NH2) of o-phenylenediamine 
and carbonyl group, V(c=o) of 2-pyridinecarboxaldehyde and appearance of a new 
strong intensity band at 1630 cm"' characteristic of azomethine group, V(C=N) 
confirm the condensation between amino and carbonyl groups of two reactants 
[31]. However, a negative shift of 10-20 cm"' for V(C=N) in the complexes may be 
attributed to the coordination of nitrogen atom of azomethine group to the metal 
ion [32]. This is further confirmed by the presence of V(M_ISI) vibration in the region 
440-460 cm"' for all the complexes [33]. The main spectral variations of the 
complexes as compared to the free ligand were found in the 420-430 cm"' region 
(out of plane ring deformation) and 630-650 cm"' region (in plane ring 
deformation), where absorption of the pyridine rings of 2-pyridinecarboxaldehyde 
occurs [34]. These vibrations are found to be positively shifted suggesting the 
coordination of pyridine nitrogen to the metal ion [35]. However, pyridine and 
phenyl ring vibrations in the higher frequency region (1560-1590 cm"') have not 
been affected appreciably. Strong intensity band appearing in the region 260-280 
cm"' may reasonably be assigned to V(M-Npy) vibrations [35]. The IR spectra of all 
the complexes exhibited three bands in the 1230-1245, 1040-1060 and 860-880 
cm"' regions indicating the monodentate coordination of nitrate moiety [36,37] 
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unlike to the i.r. spectrum of ionic NO3 moiety which shows a very strong band at 
ca. 1380 cm'\ V3(A) along with sharp bands at ca 1050 cm"' .V|(A), 830 cm"' 
V2(E) and 720 cm"' V4(E). However, the presence of the band in the region 235-
250 cm"' may reasonably be assigned to V[M-OI of O-NO2 group [38]. 
Electronic Spectra and Magnetic Susceptibility Data 
The electronic spectrum (Table 3) of Co(II) complex exhibited two spin allowed 
absorption bands at 15,300 and 19,100 cm"' assignable to '*Tig(F) —*• ''A2g(F) and 
^Ti,,(F) —* '*Tig(P) transitions, respectively, consistent with an octahedral geometry 
around Co(II) ion [39]. The observed magnetic moment of 4.60 B.M. for 
[CoL(N03)2] complex further complements the electronic spectral findings [40]. 
The electronic spectrum of [NiL(N03)2] complex exhibited three bands at 11,200, 
17,000 and 28,000 cm"' attributed to three spin allowed transitions, ^A2g(F) -^ 
^T2g(F), ^A2g(F) -^ •'Tig(F) and ^A2g(F) -^ ^Tig(P), respectively, corresponding to 
an octahedral environment for Ni(II) complex which is further supported by its 
magnetic moment value of 3.12 B.M. [39,40]. 
A broad band at 16,710 cm"' in the electronic spectrum of Cu(II) complex 
assignable to 'Big-* B^2g transition and magnetic moment of 1.83 B.M. confirm 
an octahedral geometry around Cu(II) ion [39,40]. 
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' H and '^C NMR Spectra 
The 'H and '^ C NMR spectra of Schiff base ligand, (L) and its Zn(II) complex 
were recorded in DMSO-dg at room temperature. In the 'H NMR spectrum, the 
chemical shift values of protons of pyridine ring coordinated to metal atom in the 
complex are noticebly different from those observed for non coordinated ring of 
the ligand (L). The proton resonances of the coordinated pyridine ring are 
observed at 8.51 ppm (d H3), 8.28 ppm (t H4), 7.39 ppm (t H5) and 7.67 ppm (d 
H6), while the resonances of non coordinated pyridine ring protons appear at 7.28 
ppm (d H3), 8.16 ppm (t H4), 7.28 ppm (t H5) and 8.20 ppm (d H6). On the basis of 
these data, it is possible to justify the corresponding downfield shift induced by the 
coordination of the pyridine nitrogen atom to the metal atom. The 'H NMR 
spectrum of the ligand also shows a signal at 8.39 - 7.74 ppm attributed to the 
aromatic protons (m, Ar-H). However, a singlet at 9.28 ppm may be assigned to 
azomethine proton (s, 2H). The Zn(II) complex shows a slight downfield shift of 
0.2-0.4 ppm in the resonance peaks corresponding to phenyl ring and azomethine 
proton which may be attributed due to the coordination of the ligand to Zn(II) ion 
[41]. 
The '^ C NMR spectrum of Zn(II) complex shows a number of sharp peaks 
corresponding to various carbon atoms in the proposed Schiff base ligand 
expected due to non equivalence of various carbon atoms. The spectrum exhibits 
the sharp resonance signals corresponding to azomethine carbon at 193.77 ppm 
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and the chemical shift of aromatic and pyridine carbon appear at 124.52, 122.96, 
121.78 and 150.29, 149.20, 137.75, 137.35 and 128.49 [42]. However these values 
have been found to downfield shifted by 1.0-1.5 ppm as compared to the free 
Schiff base ligand. A downfield shift of nearly 1.5 ppm has been noticed for 
carbons of phenyl ring attached to imine nitrogen and carbons of imine and 
pyridine moieties. 
Fluorescence Measurements 
Binding property of the DNA to complex (3) 
The fluorescence spectroscopy provides insight of the changes taken place in the 
microenvironment of DNA-complex (3). The interaction of complex (3) with calf 
thymus DNA was studied monitoring the changes in the intrinsic fluorescence of 
complex (3) at varying DNA concentration (Figure 2). Spectra show the 
representative fluorescence emission spectra of complex (3) upon excitation at 296 
nm,, The addition of DNA caused a gradual decrease in the fluorescence emission 
intensity of the complex (3) with a conspicuous change in the emission spectra. It 
can be seen that a higher excess of DNA led to more effective quenching of the 
fluorophore molecule fluorescence. The quenching of the complex (3) 
fluorescence clearly indicated that the binding of the DNA to complex (3) changed 
the microenvironment of fluorophore residue. The reduction in the intrinsic 
fluorescence of complex (3) upon interaction with DNA could be due to masking 
or burial of complex (3) fluorophore upon interaction between the stacked bases 
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with in the helix and/ or surface binding at the reactive nucleophilic sites on the 
heterocyclic nitrogenous bases of DNA molecule. 
Absorption spectroscopy 
UV-Vis absorption studies were performed to further ascertain the DNA-complex 
(3) interaction. The UV absorbance showed an increase with the increase in drug 
concentration (Figure 3). Since complex (3) does not show any peak in this region 
(Figure 3), hence the rise in the DNA absorbance is indicative of the complex 
formation between DNA complex (3) molecules. The complex (3) at 260 nm 
exhibited hyperchromism of 30% and bathchromism of 3 nm. Hypochromism and 
hyperchromism are both the spectral features of DNA concerning of its double 
helix structure, hypochromism means the DNA binding mode of complex is 
electrostatic effect or intercalation which can stabilize the DNA duplex and 
hyperchromism means the breakage of the secondary structure of DNA [43,44]. 
So it is primarily speculated that complex interacting with the secondary structure 
with calf thymus DNA resulting in its breakage and perturbation. After interaction 
with the base pairs of DNA, the %-K* orbital of the bound ligand can couple with 
the 71 orbital of the base pairs, due to the decrease n-n* transition energy, which 
results in bathochromic shift [45]. The above two changes are indicative of the 
conformational alteration on complex (3) binding. 
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300 0 5000 
Fig 2. Fluorescence emission spectra of complex (3) in the presence of ct DNA. 
The complex concentration was 12 jiM (a). DNA concentration was (b) 8 i^M (c) 
16 pM (d) 32 ^M (e) 32 ^M (f) 48 ^M (g) 64 nM (h) 80 ^M (i) 96 i^M and (x) 
DNA alone. 
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Wavelength (nm) 
280 300 
Fig 3. Absorbance spectra ofDNA, complex (3) and DNA-complex (3) 
system. DNA concentration was 0.1 mM (a). Complex (3) concentration for 
DNA-complex (3) system was at 2.5 (b), 5.0 fiM (c), 7.5 jiM (d), 10 ^M 
(e), 12.5 ^M (f), 15.0 jiM (g). A concentration of 2.5 ^M complex (3) (x) 
was used for complex (3) alone. 
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Chapter IV 
Synthesis and spectroscopic 
studies on complexes of N,N'-
bis-(2-pyridinecarboxaldimine)-
1,8-diaminonaphthalene (L); DNA 
binding studies on Cu(II) 
complex 
INTRODUCTION 
Hugo Schiff described the condensation reaction between an aldehyde and an 
amine leading to the formation of a Schiff base in 1864 [1]. The Schiff bases 
were first used in coordination chemistry by Pfeiffer [2]. The chelating 
structures, moderate electron donation and easy tunable electronic and steric 
effects proved Schiff bases as versatile ligands capable of stabilizing different 
metals in various oxidation states with unusual structural features and 
controlling the performance of metals in variety of useful catalytic 
transformations [3-10]. Characteristically, Schiff base provides geometrical 
cavity control for host-guest interaction and modulation of its lipophilicity 
offers remarkable selectivity, sensitivity and stability for a specific metal ion 
[11]. Among the inorganic mimics of enzymes, metal complexes containing 
porphyrin, salen and phthalocynine ligands have been investigated as possible 
alternative catalysts in many oxidation and hydroxylation reactions [12-
14]. Salen ligands give complexes which in addition to alkene epoxidation also 
hold promise in enantioselective cyclopropanation of styrenes, asymmetric 
aziridination and enantioselective ring opening [15]. It has been suggested that 
the azomethine linkage is responsible for the biological activities of Schiff 
bases such as, antitumor, antibacterial, antifungal and herbicidal [16-21]. The 
use of Co(III) Schiff base complexes as antiviral agent has also been reported 
in view of labile axial ligands which exhibit higher activities, possibly due to 
axial binding of Co(III) ion to biological targets (proteins and nucleic acids) 
[22,23]. It has been observed that most of metals make 1:1 metal complexes 
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with Schiff bases [11]. Chemists over a period of years reported the binding of 
cationic metal complexes with DNA [24-27]. The factors that determine the 
affinity and selectivity in binding of small molecules to DNA would be 
valuable in the rational design of new diagnostic and therapeutic agents [28-
31], thus the metal complexes binding to DNA through a variety of modes may 
be exploited in probe development. These metal complexes are known to bind 
to DNA through a series of interactions, such as n stacking interaction 
associated with interaction of aromatic heterocyclic groups between the base 
pairs, hydrogen bonding and Van der Waals interactions in the case of binding 
to the groove of DNA helix [32]. Several metal complexes, which bind to DNA 
through different modes, have been used as agents for the mediation of strand 
scission of duplex DNA and as chemotherapeutic agents [33]. Recently 
coordination chemistry of Schiff bases derived from 2-pyridinecarboxaldehyde 
has received much attention [34-37]. In continuation with ongoing interest in 
the coordination chemistry of Schiff base ligands derived from 2-pyridinecarb-
oxaldehyde, a novel Schiff base ligand, L l,8-diaminonaphthyl-N,N'-bis-(2-
pyridinecarboxaldimine) has been synthesized from condensation reaction of 
1,8-diaminonaphthalene with 2-pyridinecarboxaldehyde and its metal 
complexes [38]. The fluorescence and UV-vis absorption studies performed on 
its Cu(II) complex revealed a significant binding ability to DNA. This chapter 
deals with the synthesis and spectroscopic studies of Schiff base ligand (L) 
and its complexes of the type, [MLCb] [M = Co(II), Ni(II), Cu(II) and Zn(II)] 
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derived from condensation of 2-pyridinecarboxaldehye and 1,8-diaminonaph-
thalene and binding study of its Cu(II) complex with calf thymus DNA. 
Physical Measurements 
The Elemental analyses data recorded on Perkin Elmer 2400 CHN Elemental 
Analyser, FT-IR spectra (4000-200 cm"') recorded as KBr/CsI disc on a Perkin-
Elmer 621 spectrophotometer and 'H and '^ C NMR spectra recorded in 
DMS0-d6 using Bruker Avance II400 NMR spectrometer were obtained from 
SAIF, Punjab University University, Chandigarh. Mass spectra recorded on mi-
cro mass VG-7070 H spectrometer for ESI were obtained from CSMCRI, Bhav 
-nagar, Gujarat. Metals and chlorides were estimated volumetrically and gravi-
metrically [39,40]. The electronic spectra of the complexes in DMSO were 
recorded on Pye-Unicam 8800 spectrophotometer. The electrical conductivities 
of 10' M solution in DMSO were obtained on a Systronic type 302 
conductivity bridge equilibrated at 25°C ± 0.0 TC. The magnetic susceptibility 
measurements were carried out using Faraday balance at room temperature. 
Fluorescence measurements were made using Shimadzu spectrofluorimeter 
Model RF-5301PC equipped with a 150W Xenon lamp and a slit width of 5 
nm. For the determination of binding parameters, 30 ^M of complex solution 
was taken in a quartz cell and increasing amounts of ct DNA solution was 
titrated. The fluorescence spectra were recorded in the range of 700-840 nm 
upon excitation at 290 (X^x was 772 nm) at temperatures 310 K. The absorption 
spectra were recorded on Shimadzu double beam spectrophotometer (Model 
UV 1700) using a cuvette of 1cm path length. The absorbance values of ct 
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DNA in the absence and presence of Cu(II) complex were made in the range of 
220-300 nm. DNA concentration was fixed at 0.1 mM, while the compound 
was added in increasing concentration. 
EXPERIMENTAL 
The metal salts, MC12-6H20 [M = Co(II) and Ni(n)], CuCl2-2H20 and ZnCb 
(All Aldrich) were pure samples. The chemicals 1,8-diaminonaphthalene and 
2-pyridinecarboxaldehyde (Both E. Merck) were used as received. Methanol 
used as a solvent was of A.R. grade. Highly polymerized calf-thymus DNA 
sodium salt (7% Na content) was purchased from Sigma Chemical Co. Other 
chemicals were of reagent grade and used without fiirther purification. The 
stock solution of (12.5 mM DNA/phosphate) calf thymus DNA was prepared 
by dissolving 0.5% w/w in 0.1 M sodium phosphate buffer (pH 7.40) at 310 K 
for 24 h with occasional stirring to ensure homogeneity of solution. The 
absorption ratio of .^ 260/^ 280 in the range 1.8 -1.9 indicates that DNA was 
sufficiently free from protein. The stock solution of [CULCI2] with 5 mg/ml 
concentration was also prepared. 
Synthesis of Ligand: 
Synthesis of (N,N'-bis-(2-pyridinecarboxatdimine)-l,S-diskm'monaphtha\ene), 
(L) 
Methanolic solution of 2-pyridinecarboxaldehyde (2 mmol 0.192 ml) was 
added dropwise to a stirring methanolic solution of 1,8-diaminonaphthalene 
(Immol 0.158 g). The reaction mixture was refluxed for about 3-4 h resulting 
in a clear brown colored solution. The resultant solution was then kept for 
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evaporation at room temperature leading to the isolation of brown colored 
microcrystalline product in few weeks. The product was filtered, washed 
several times with methanol and vacuo dried. 
Synthesis of Complexes 
Synthesis of dichloro (N,N'-bis-(2-pyridmecarboxaldimine)-l,8-diamino-
naphthalene)metal(II), [MLClz]: lM=Co(II), Ni(II), Cu(II) andZn(II)J 
A solution of the ligand, L (1 mmol 0.336 g) dissolved in methanol was 
magnetically stirred in a round bottom flask followed by dropwise addition of 
methanolic solution of metal salt (1 mmol). The reaction mixture was refluxed 
for 2-3 h leading to the formation of colored solid product. The product thus 
formed was filtered off, washed with methanol and dried in vacuo. 
Binding Data Analysis of [CuLCh] Complex 
Stem-Volmer equation (1) was used for data analysis to elaborate the 
fluorescence quenching mechanism [41]: 
Fo/F-\+Ksy[Q] (1) 
where FQ and F are the steady-state fluorescence intensities in the absence and 
presence of quencher, respectively. A^sv is the Stem-Volmer quenching 
constant and [Q] is the concentration of quencher (DNA). The Ksv for the 
Cu(II) complex was found to be of the order of 10^ The linearity of the FQ/F 
versus [Q] (Stem-Volmer) plots for DNA- Cu(II) complex (Fig 1) depicts that 
the quenching may be static or dynamic, since the characteristic Stem-Volmer 
plot of combined quenching (both static and dynamic) is an upward curvature. 
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The equilibrium between free and bound molecules is given by the equation (2) 
[42]. 
log[(Fo-F)/F]-log/^+nlog[Q] (2) 
Where K and n are the binding constant and the number of binding sites, 
respectively. Thus, a plot of log (FQ -F)IF versus log [Q] can be used to 
determine K as well as n. 
Results and Discussion 
Schiff base ligand, L was synthesized by condensation of 1,8-
diaminonaphthalene and 2-pyridinecarboxaldehyde in 1:2 molar ratio in 
methanol (Scheme 1). The purity of the complexes was checked by running 
TLC on silica gel coated plate. The complexes of the type, [MLCI2] [M = 
Co(II), Ni(II), Cu(II) & Zn(II)] were synthesized by the reaction of the Ugand, 
L and the metal salt in 1:1 molar ratio in methanol. All the Schiff base 
complexes were stable at room temperature, and were soluble in DMSO and 
MeOH. The low molar conductivity values of all the complexes suggest their 
non ionic nature [43]. The analytical data agree well with the proposed 
composition of the ligand and its complexes. The compositions of the 
complexes were further corroborated by using Job's method, where a 
maximum corresponding to 0.5 on the mole ratio of the ligand scale suggests 
that the complexes have 1: 1 composition. The positions of molecular ion peak 
(m/z) of the ligand and its complexes in the ESI mass spectra further 
corroborated the proposed molecular formulae. The formation of Schiff base 
ligand, L and its complexes and the bonding modes were inferred from the 
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characteristic band positions in FT-IR spectra and resonance signals in 'H and 
'^ C NMR spectra corresponding to coordinated Schiff base moiety. The 
geometry around Co(II), Ni(II) and Cu(II) ions in the complexes was deduced 
from the positions of absorption bands observed in UV-Visible spectra and 
magnetic moment values. The binding parameters were found to be A^  = 0.34 ± 
0.46 X lO"* M"'; /? = 0.68. These parameters suggested that the complex, 
[CULCI2] has good binding affinity toward the DNA molecule. 
2.S 
2.0 
DhOAQiM] 
Fig 1. Stem-Volmer plot for the binding of Cu(II) complex with DNA 
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IR Spectra 
Characteristic IR bands of the hgand and its complexs are summarized in Table 
2. The infrared spectrum of the ligand showed the absence of bands around 
1730 cm'' and 3415 cm'' due to V(co) and V(NH2) stretching vibrations, 
respectively expected for carbonyl and amino moieties in the starting materials. 
The appearance of a new strong intensity band at 1635 cm'' assigned to 
azomethine group, V(CH=N) suggest that the condensation between amino moiety 
of 1,8-diaminonaphthalene and the carbonyl group of 2-
pyridinecarboxyldehyde has taken place [44]. The IR spectra of all the 
complexes exhibited a negative shift of -20 cm'' in V(CH=N) stretching vibration 
indicating the coordination of nitrogen of imine moiety of Schiff base to the 
metal ion. This is further confirmed by the appearance of a medium intensity 
band in the region 520-530 cm"' in all the complexes, characteristic of VM-N 
stretching mode [44, 45]. The characteristic bands corresponding to pyridine 
ring vibrations in 2-pyridinecarboxaldehyde appeared in the region 625-645 
cm'' (in plane ring deformation) and 425-430 cm'' (out of plane ring 
deformation) were found to be slightly positively shifted in the complexes as 
compared to the free ligand, L suggesting the coordination of pyridine nitrogen 
to the metal ion [46,47]. However, ring vibrations in the higher frequency 
regions were not affected appreciably. This is further corroborated by 
appearance of a strong intensity band in the IR spectra of all the complexes in 
the region 225-255 cm'' assigned to V(M-py) vibration [47]. A medium intensity 
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band appearing in the region 270-295 cm'' may reasonably be assigned to V(ivi-
ci) vibration [48]. 
Electronic Spectra and Magnetic Susceptibility data 
The electronic spectra and magnetic moment data of the complexes are 
summarized in Table 3. The electronic spectrum of Co(II) complex exhibited 
two bands at 20,500 and 16,000 cm"' assignable to "TigCF) -> ''Tig(P) and 
''Tig(F) - • ''A2g(F) transitions, respectively corresponding to an octahedral 
geometry around Co(II) ion [49]. The observed magnetic moment of 4.51 B.M. 
for Co(II) further complements the electronic spectral findings [50]. 
The electronic spectrum of Ni(II) complex exhibited three bands at 24,200, 
17,00 and 10,500 cm"' attributed to ^A2g(F) ^  ^T,g(P), ^A2g(F) -^ ^T,g(F) and 
^A2g(F) —> T^2g(F) transitions, respectively characteristic of an octahedral 
environment for Ni(II) complex which is further supported by its magnetic 
moment value of 3.09 B.M. [49, 50]. 
I 9 9 
A broad band centered at 16,129 cm' due to Bjg -^ B2g transition in Cu(n) 
complex and effective magnetic moment of 1.78 B. M. correspond to an 
unambiguous octahedral geometry around Cu(II) ion [49,50]. 
+ 
NH2 NHj 
1,8-Diaminonaphthalene 
Methanol 
OHC 
2-Pyridinecarboxaldehyde 
Reflux 
[MLCI2] 
M - Co(n), Ni(ll), Cu(ll) and Zn(ll) 
L = N,N'-bis(2-pyridinecarboxaldiimine)-l,8-diaminonaphthaiene 
Scheme 1. Synthetic Scheme of the Schiff base ligand (L) and its complexes 
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'H and'^CNMR Spectra 
The 'H NMR spectra of ligand, L and its Zn(II) complex, [ZnLCl2] recorded in 
DMSO-dfi at room temperature were compared . The down field shift in 
chemical shift values for pyridine ring protons in complex (8.50 ppm (d H3), 
8.27 ppm (t H4), 7.41 ppm (t H5) and 7.61 ppm (d H^)) as compared to free 
ligand, L (7.29 ppm (d H3), 8.12 ppm (t H4), 7.25 ppm (t H5) and 8.21 ppm (d 
Hft) ) justify the coordination of pyridine nitrogen in the complex 
[51]. Similarly the down field shift in chemical shifts for azomethine proton in 
complex , 9.43 ppm (-CH=N ) as compared to free ligand, 9.23 ppm and 
naphthalene protons in complex 7.40-8.65 ppm (m Ar-H) against the free 
ligand 7.40-8.25 ppm indicate the involvement of azomethine nitrogen in 
coordination with Zn(II) ion [51,52]. 
The '^ C NMR spectrum of Zn(II) complex exhibited expected number of 
signals corresponding to different types of carbon atoms. A characteristic 
strong NMR signal at 192.90 ppm may reasonably be assigned to azomethine 
carbon. The chemical shifts of naphthalene and pyridine carbons appear at 
120.5, 137.1, 126.5, 125.4, 123.8, 123.1, 159.8, 152.1, 141.4, 134.1 and 127.8 
ppm [52]. These values were found to be downfield shifted by about 1.0-2.0 
ppm as compared to free ligand, L. 
Mass Spectrometry 
The observed molecular ion peak(s) at m/z 336.34 corresponding to ligand, L 
and at m/z 466.21, 465.96, 470.80 and 472.64 for Co(II), Ni(II), Cu(II) and 
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Zn(II) complexes, respectively are consistent with the proposed molecular 
formulae of the ligand and the complexes. 
Job's Plot 
Job's method of continuous variation was used for determining the composition 
of the complexes [53]. These solutions were prepared in a manner that the total 
concentration of the metal and ligand remains constant, while ligand: metal 
ratio varies from flask to flask, that is: 
CM + C[ = K 
Where CM and CL are analytical concentration of the metal and the ligand, 
respectively and K is the constant. The absorbance is plotted as a function of 
mole fraction (X) of the ligand or metal in the flasks. The resulting curve is 
known as jobs' plot. 
Where, 
X^XtorXM 
XL - CL / CM + CL 
XL = Mole fraction of ligand 
XM = Mole fraction of metal 
The job diagrams (Fig 2 & 3) for Co(II) and Cu(II) complexes at 525 and 600 
nm, respectively showed straight lines intersecting at X = 0.5, suggesting 1:1 
composition of the complexes. The same profiles were observed when the 
diagrams were constructed at different wave lengths. 
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Fluorescence Measurement 
Binding ofCu(II) complex with DNA 
The fluorescence spectroscopy provides insight of the changes taken place in 
the microenvironment of DNA molecule on ligand binding. The interaction of 
the metal complex to DNA was studied by monitoring the changes in the 
intrinsic fluorescence of these compounds at varying DNA concentration. The 
representative fluorescence emission spectrum of the synthesized compound 
upon excitation at 290 nm is shown in Fig 4. The addition of DNA caused a 
gradual decrease in the fluorescence emission intensity of the synthesized 
molecule with a conspicuous change in the emission spectra. A higher excess 
of DNA led to more effective quenching of the fluorophore molecule 
fluorescence which clearly indicated that the binding of the DNA to Cu(II) 
complex changed the microenvironment of fluorophore residue. The marked 
shift in the emission peak illustrates the drastic change in the vicinity of the 
fluorophore. The reduction in the intrinsic fluorescence of synthesized 
molecule upon interaction with DNA could be due to masking or burial of 
compound fluorophore upon interaction between the stacked bases within the 
helix and /or surface binding at the reactive nucleophilic sites on the 
heterocyclic nitrogenous bases of DNA molecule. 
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Fig 2. Job's plot for Co(II) complex at 525 nm 
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Fig 3. Job's plot for Cu(II) complex at 600 nm 
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Fig 4. Fluorescence emission Spectra of Cu(II) complex in the absence and 
presence of increasing amount of DNA from (a) to (i); pH = 7.4 and (X) 
represents the DNA alone 
11 
Absorption spectroscopy 
UV-Vis absorption studies were performed to further ascertain the DNA-Cu(II)-
complex interaction. The UV absorbance showed an increase with the increase 
in the Cu(ll) complex concentration (Fig. 5) Since Cu(II) complex does not 
give any interfering peak in this region (Fig. 5), hence the rise in the DNA 
absorbance is suggestive of the interaction between DNA and Cu(II) complex. 
DNA exhibited hyperchromism on addition of Cu(II) complex. As 
hypochromism and hyperchromism are both the spectral features of DNA 
concerning its double helix structure, hypochromism means the DNA binding 
mode of a complex via electrostatic effect or intercalation where as 
hyperchromism means the breakage of the secondary structure of DNA on 
binding of the complex. So we primarily speculate that complex interacting 
with secondary structure of the calf thymus DNA resulting in its perturbation 
[54, 55]. 
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220 240 260 
Wavelength [nm] 
280 300 
Fig 5. Absorbance spectra of DNA and DNA-Cu(II) complex system. DNA 
concentration was 0.10 mM (a). Cu(II) complex concentration for Cu(Il) 
complex-DNA system was at 5 ^M (b), 10 i^ M (c), 15 fiM (d) and 20 |iM (e). 
A concentration of 5 ^M Cu(Il) complex (X) was used for Cu(ll) complex 
only. 
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Chapter V 
Synthesis and spectroscopic 
characterization of a Schiff 
base ligand and its complexes 
derived from thiophene-2-
carboxaldehyde: DNA Cleavage 
and generation superoxide 
anion by Cu(II) complex 
INTRODUCTION 
The preparation of a new ligand was perhaps the most important step in the 
development of coordination chemistry. The coordination compounds which 
exhibit unique properties and novel reactivity, since the electron donor and 
electron acceptor properties of the ligand, structural functional groups and the 
position of the ligand in the coordination sphere together with the reactivity of 
coordination compounds may be the factor for different studies [1]. Schiff 
bases are important class of ligands in coordination chemistry and are studied 
extensively due to their synthetic flexibility, their selectivity and sensitivity 
towards the central metal atom, structural similarities with natural biological 
substances and also due to presence of imine group (-CH=N-) which imports in 
elucidating the mechanism of transformation and resemination reaction in 
biological system [2]. The azomethine linkage, aided by the adjacent donor 
hetero-atoms act as a versatile fimction to make the molecule a useful 
participant in potentially important complexation reaction [3]. Different studies 
have indicated a strong relationship between the metal ions and /or their 
complexes with the potential ligands as promising antitumor [4, 5] and 
antibacterial agents [6]. The sulphur containing ligands are wide spread among 
coordination compounds and are important components of biological transition 
metal complexes [7]. It has also been reported that activity, viz, antifungal, 
insecticidal, acaricidal, antibacterial, anticarcinogenic and tuberculostatic etc. 
of sulphur containing ligand increases on complexation [8]. The study of the 
reactivity of metal complexes of Schiff bases involving heteroaromatic moiety 
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has received a great deal of attention during the past decades [7]. Recently, 
transition metal complexes that efficiently bind and cleave DNA under 
physiological conditions have found wide applications in nucleic acid 
chemistry as foot printing and sequence specific binding agents, for modeling 
the restriction enzymes in genomic research, and as new structural probes in 
diagnostic medicinal applications for the treatment of cancer [9-12]. Numerous 
studies have demonstrated that DNA is the primary intracellular target of 
anticancer drugs due to the interaction between small molecules and DNA, 
which can cause DNA damage resulting in cell death [13-14]. In addition, some 
of these drugs are known to enhance oxidative stress in cancer cells through 
generation of reactive oxygen species [15] and may lead to apoptosis [16]. 
Schiff bases have been shown as important anticancer drug candidates as they 
exhibit remarkable biological activities such as DNA damage, plasmid 
cleavage, protein cleavage and apoptosis [17-20]. Recently, redox active metal 
complexes have been shown to possess strong anticancer properties [21, 22]. 
Copper(II) is a biologically active essential metal ion; its chelating ability and 
positive redox potential allows participation in number of biological processes 
[23, 24] such as the role played by its complexes for cancer inhibition [25]. It 
has been demonstrated that the copper accumulates in tumors due to the 
selective permeability of cancer cell membranes to copper compounds [26]. 
Thus, a number of copper complexes have been screened for anticancer 
activity, and some of them were found to be active both in vitro and in vivo 
[27]. Literature supports that cupric ions have been shown to bind the DNA 
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bases, adenine, guanine and cytosine at the N(7) of purines and N(l) of 
pyridimidines [28]. These ions can be reduced and then oxidized by dioxygen 
leading to hydroxyl radical production, close to the metal binding site, which 
can damage DNA in site specific reaction [28]. The work embodied in this 
chapter is a continuation towards the efforts in the preparation and 
characterization of Schiff base ligands derived from heterocyclic aldehydes, 
and their metal complexes [29, 30] and deals with the synthesis of Schiff base 
ligand, L obtained by the condensation reaction of 1,8-diaminonaphthalene and 
thiophene-2-carboxaldehyde and synthesis of its complexes, [ML(N03)2] [M = 
Co(II), Ni(II) and Zn(II)] and [CuL](N03)2] and the comparative studies of 
biological activity of Schiff base ligand, L and its Cu(II) complex to evaluate 
their possible pharmacological significance. 
Physical Measurements 
Microanalyses (C, H, N) was recorded on Perkin-Elmer 2400 C H N elemental 
analyzer, 'H and '^ C NMR spectra were recorded in DMS0-d6 using Avance II 
400 NMR spectrometer while ESI-mass spectra recorded on Q-ToF micro 
(Waters Company) were obtained from SAIF, Panjab University, Chandigarh 
(India). FT-IR spectra (4000-200 cm'') were recorded as a KBr/CsI disc on a 
Perkin-Elmer 621 spectrophotometer. Electronic spectra in DMSO were 
recorded on a Pye-Unicam 8800 spectrophotometer. EPR spectrum of Cu(II) 
complex was recorded on a Varian-4 spectrometer (X-band) using 
diphenylpicrylhydrazide (DPPH) (g = 2.0036) as a calibrant, at I.I.T. Madras. 
The electrical conductivities of 10"^  M solution in DMSO were obtained on a 
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Systronic type 302 conductivity bridge equilibrated at 25 ± 0.01 °C. Magnetic 
susceptibility measurements were carried out using Faraday balance at room 
temperature. Fluorescence measurements were made on Shimadzu 
spectrofluorimeter Model RF-1501. 
Experimental 
All chemicals viz., thiophene-2-carboxaldehyde, 1,8-diaminonaphthalene, all 
metal salts M(N03)2.6H20 [M = Co(II), Ni(II) and Zn(II)], Cu(N03)2.3H20 and 
methanol as a solvent (All E. Merck) used were of analytical reagent grade 
(A.R.) and of highest purity available. Plasmid pBR 322 (GE NEI, Bangalore) 
CT-DNA (Sigma-St. Louis, USA). 
Synthesis of Ligand: 
Synthesis of bis(thiophene-2-carboxaldimine)-1,8-diaminonaphthalene, (L) 
A methanolic solution of thiophene-2-carboxaldehyde (2 mmol, 0.185 ml) was 
added slowly to the methanolic solution of 1,8-diaminonaphthalene (Immol, 
0.158 g) in a molar ratio of 2:1 with constant stirring. The resultant reaction 
mixture was refluxed for 5 hr leading to the formation of a golden yellow 
colored solution. The resulting solution was then kept for evaporation at room 
temperature for few days resulting in the isolation of fine crystalline yellow 
product. The product was filtered, washed several times with methanol and 
dried in vacuo. 
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Synthesis of Complexes: 
Synthesis of dinitrato(bis(thiophene-2-carboxaldim'me)-l,8-diaminonaphtha-
lene) metal(II)fML(N03)2UM= Co(II), Ni(II), Zn(JI)J and (bls(thiophene-2-
carboxaldimine)-l,8-diaminonaphthalene)copper(U)nitratelCuL](NOs)2 
A methanoUc solution of Schiff base ligand, L (1 mmol) was added dropwise 
to the methanolic solution of metal salt (1 mmol) in a round bottom flask. The 
reaction mixture was stirred for an h followed by refluxing for 4-5 h which 
resulted the isolation of colored solid product. The product thus formed was 
filtered, washed with methanol and vacuo dried. 
The Fluorescence Studies of Ethidium Bromide Bound to DNA in the 
Presence of Ligand and Cu(II) complex: 
Experiment was carried out at pH 7.0 in the buffer containing 50 mM NaCl and 
5 mM Tris-HCl. DNA and ethidium bromide (EB) were dissolved in buffer at 
the concentrations of 3 and 1 |ig/ml, respectively. The concentration of ligand 
and complex was 50 ^M. EB displays very weak fluorescence in aqueous 
solution. However, in the presence of DNA, it exhibits intense fluorescence 
because of the intercalation to base pairs in DNA. Ligand and complex were 
added to EB bound with ct DNA and the intensity of fluorescence of EB was 
measured. Fluorescence spectra were recorded using excitation wavelength of 
478 nm and the emission range set between 485 and 685 nm. Before examining 
the fluorescent properties of EB, it was checked that the tested compounds did 
not quench the EB fluorescence (Fig 1). 
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Fig 1. Fluorescence emission spectra of Ethidium Bromide (EB) bound to 
DNA in the absence and presence of Ligand and complex. EB alone ( ); 
EB + DNA ( ); EB + DNA + Ligand ( ); EB + DNA + Complex ( -
). 
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Reaction with plasmid pBR322 DNA 
Reaction mixtures (30|il) contained 10 mM Tris-HCl, pH 7.5, 0.5 \ig plasmid 
DNA and other components as described in the figure legend (Figure 2). 
Incubation was carried out at 37 **C for 2 hr. After the incubation, 10 x^l of a 
solution containing 40 mM EDTA, 0.05% bromo phenol blue tracking dye and 
50% (v/v) glycerol was added and the mixture was subjected to electrophoresis 
on 1% agarose gel. The gel was stained with ethidium bromide (0.5 mg/ml), 
viewed and photographed on a UV transilluminator. 
Reaction of ligand and complex with calf thymus DNA and digestion 
with Si nuclease 
Reaction mixtures (0.5 ml) containing 10 mM Tris-HCl (pH 7.5), 500 |ig DNA 
and various concentrations of ligands /Cu(II) complex are shown in the figure 
legend (Figure 3) Incubation was performed at 37 °C for 2 hr. All solutions 
were sterilized before use. Single strand specific nuclease digestion was 
performed as described by Naseem and Hadi [31]. Acid soluble 
deoxyribonucleotides were determined colorimetrically [32]. 
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Fig 2. Agarose gel electrophoretic pattern of ethidium bromide stained 
pBR322 DNA after treatment with Ligand/ Complex. Lanes: (1) DNA alone as 
control; (2,3,4) DNA+ Ligand [25, 50,100 i^M respectively]; (5,6,7) DNA + 
Complex [25, 50,100 [xM respectively].The positions of open circular (OC) , 
linear (Lin) and supercoiled (SC) are indicated 
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Fig 3. Degradation of calf tiiymus DNA as a function of increasing 
concentrations (25-200 ^M) of Ligand (•) and Complex (•) as measured by S| 
nuclease digestion. All points represent triplicate samples and mean values 
plotted. 
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Assay of active oxygen species 
Superoxide anion was detected by the reduction of nitroblue tetrazolium (NBT) 
essentially as described by Nakayama et al [33]. A typical assay mixture 
contained 50 mM potassium phosphate buffer (pH 7.5), 33 i^M NBT, 0.1 mM 
EDTA and 0.06% Triton X-100 and 200 ^M of ligand/complex in a total 
volume of 3.0 ml. After mixing, absorbance was recorded at 560 nm against a 
blank, which did not contain the compound, at different time intervals as 
described in the figure legend (Fig 4). 
Results and Discussion 
The Schiff base ligand, L was synthesized by the condensation reaction 
between 1,8-diaminonaphtahlene and thiophene-2-carboxaldehyde in methanol 
under reflux. The reaction of ligand, L with metal(II) ions in 1:1 molar ratio 
resulted the complexes of the types, [ML(N03)2] [M = Co(II), Ni(II) and 
Zn(II)] and [CuL](N03)2 (scheme 1). The analytical data agree well with the 
proposed composition of Schiff base ligand, L and its complexes (Table 1). 
Purity of ligand and its complexes was checked by TLC on silica gel coated 
plate. All the isolated Schiff base complexes were colored solids, soluble in 
almost all polar solvents and stable in air. The molar conductivity data at room 
temperature show non-electrolytic nature for all the complexes except for the 
Cu(II) complex, which shows 1:2 electrolytic nature [34]. The structures of all 
the compounds were confirmed by FT-IR, ESI-mass, 'H & '^ C NMR and EPR 
spectral studies. The geometry around the metal ion in the complexes has been 
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deduced from the absoqjtion bands observed in the UV-vis spectra and 
magnetic moment values. 
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Fig 4: Generation of superoxide anion by ligand (•) and Complex (•) assessed 
after different intervals of time. All points represent triplicate samples and 
mean values plotted. 
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IR Spectra 
The IR spectrum of ligand shows bands confirming the formation of Hgand 
framework while complexes show characteristic bands supporting the bonding 
of the Hgand to the metal ions. The positions of important diagnostic bands in 
the IR spectra are compiled in Table 2. 
The absence of bands at 1735 cm"' and 3420 cm"' characteristic of the carbonyl 
group, V(co) and amino group, VQ^HD of the starting materials, thiophene-2-
carboxaldehyde and 1,8-diaminonaphthalene, respectively and appearance of a 
new strong intensity band at 1625 cm"' assigned to the azomethine group, V(. 
c=N) in the ligand spectrum confirm an effective Schiff base condensation 
between 1,8-diaminonaphthalene and thiophene-2-carboxaldehyde [35]. 
However, the position of this band undergoes a negative shift of 10-15 cm"' in 
the complexes as compared to free ligand indicating the participation of the 
azomethine nitrogen in coordination to the metal ion [35]. The involvement of 
azomethine nitrogen in coordination is further supported by the presence of a 
new band in the region 450-460 cm"' due to metal-nitrogen stretching mode, 
V(M-N) [35]. The observed medium intensity band at 890 cm'' in the free ligand 
may reasonably ascribed to vc-s-c stretching vibration of thiophene moiety 
which suffer a negative shift of (30-40 cm"') in all the complexes, suggesting 
the involvement of the sulphur atom in the bonding with the metal ion [36]. 
The band at 645 cm'' assignable to C-S asymmetric stretching, Vasym(c-S) in free 
ligand undergoes an observable lowering in its position by ca. 20-30 cm"' in all 
the complexes confirming the coordination of sulphur atom and chelation in the 
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complexes [37]. The bands corresponding to aromatic vibration appeared at 
their expected positions. The IR spectra of all nitrato complexes except Cu(II) 
show bands in 1420-1428 cm"' (v,), 1274-1290 cm"' (vj), 1012-1076 cm-'Cvs), 
and 810-820 cm'' (v )^ regions indicating the coordination of both nitrate groups 
[35]. The separation of ~ 125 cm'' between V] & V5 indicates unidentate 
coordinating nature of nitrate group [35]. Bands appearing in the region 235-
245 cm'' are assigned to V(M.O) of O-NO2 group [38]. The IR spectrum of Cu(Il) 
complex shows band at 1380 cm'' corresponding to an uncoordinated nitrate 
group [39]. 
' H N M R : 
The formation of Schiff base ligand, L under investigation was further 
supported by the 'H NMR spectral study. The 'H NMR spectrum of free ligand, 
L showed a proton resonance signal at 8.85 ppm characteristic of azomethine 
protons, -CH=N proton (s, 2H) [40]. However, its position was found to be 
dovv'nfield shifted and occurred at 8.95 ppm, indicating the involvement of 
azomethine nitrogen in coordination [41]. The spectrum of free ligand, L 
exhibits a multiplet in 6.50-7.20 ppm region which may be assigned to 
naphthalene protons (m, 6H) [42] while the resonance signals corresponding to 
protons of thiophene moiety appeared in 7.3-8.0 ppm region (m, 6H) [43]. The 
Zn(II) complex shows a slight downfield shift of 0.3-0.4 ppm for naphthalene 
protons and 0.02-0.04 ppm for thiophene protons, which may be attributed to 
the coordination of the ligand to the Zn(n) ion [44,45]. 
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'^C NMR: 
The '^ C NMR spectrum of the free Ugand, L exhibits a strong resonance signal 
at 163.9 ppm assigned to azomethine carbon [46]. However, the spectrum of 
Zn(II) complex showed a downfield shift in the peak position due to the 
coordination of azomethine nitrogen [45]. The signals due to the carbon atoms 
of thiophene and naphthalene rings appear at 135.8, 130.5, 128.4, 125.3, 126.8, 
125.1, 124.9, 122.8, 122.5, and 120.9 ppm, respectively [42, 45]. These values 
were found to be downfield shifted by 1.0-3.0 ppm on comparing with free 
ligand, L [44,45]. 
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+ 
Nll2 NHj 
,8-DiaminonaplUhaIene 
Methanol Reflux Thiophene-2-carboxaldehyde 
M = Co(ll),Ni(ll)&Zn(II) 
L = Ligand 
[CuLKNOjh 
Scheme 1. Synthesis and structure of SchifT base ligand, L and its complexes 
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Mass Spectrometry: 
The mass spectrum of ligand, L shows a molecular ion peak [M]"^ , m/z 346.30 
corresponding to its molecular formula C20H14N2S2. It also shows a series of peaks 
at m/z 263, 180, 154, 127, 110, and 83 corresponding to its various fragments 
(Scheme 2). The relative intensities of these peaks give an idea of the stability of 
these fragments. 
The observed molecular ion peak(s) at m/z 529.20, 529.00, 533.80, 535.70 for 
Co(II), Ni(II), Cu(II) and Zn(II) complexes, respectively are consistent with their 
proposed molecular formulae. 
Magnetic Moments and Electronic Spectral Data: 
The electronic spectrum of [CoL(N03)2] complex displays three bands discerned 
at 8,750, 18,500 and 20,550 cm"' which correspond to ''TigCF) -^ ''T2g(F), ""TigCF) 
—»''A2g(F) and ''Tig(F) —>• '^ TigCP) transitions, respectively, (Table 3) consistent a 
high spin Co(II) ion with an octahedral geometry [47, 48]. The observed magnetic 
moment value of 4.70 B.M. gives an additional confirmation of the geometry [47, 
48]. 
The electronic spectrum of [NiL(N03)2] complex shows three bands centered at 
10,500, 17,200 and 28,000 cm"' assignable to %g(F) -^ ^T2g(F), ^A2g(F) -^ 
Tig(F), and ^A2g(F) —> ''Tig(P) transitions, respectively (Table 3) which are in 
agreement with an octahedral environment around Ni(II) ion [47, 48]. The 
observed value of magnetic moment 3.25 B.M. corresponds to an octahedral high-
spin Ni(II) ion [47,48]. 
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The electronic spectrum of [CuL](N03)2 complex exhibits three bands discerned 
at 12,300, 16,400 and 21,500 cm"' attributable to ^B,g -> B^zg, ^B|g -^ ^A,g and 
'Big -^ E^g transitions, respectively, (Table 3) characteristic of square planar 
geometry for Cu(II) complex which is further supported by its magnetic moment 
value of 1.85 B.M. [47,48]. 
EPR Spectrum 
The EPR spectrum of polycrystalline Cu(ll) complex was recorded at room 
temperature. The absence of hyperfine signals may be due to the strong dipolar 
and exchange interactions between the Cu(II) ions in the unit cell [49]. The 
calculated g|| and g± appeared at 2.33 and 2.08 respectively, which support [50] 
the contention that the ^Bi is the ground state having the unpaired electron in the 
dx2 - y2 orbital. The observed information that g|| > gi > 2.004 predicts a square 
planar geometry around Cu(II) ion [51]. The g|| > 2.3, indicates considerable ionic 
character [52]. The parameter G obtained by the expression G = (g|| - 2) / (g± - 2) 
lie at 3.18, suggesting that there is a considerable exchange interaction between 
Cu(II) centers (G< 4) [53]. 
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C.oH,4N2S2 [M]^ m/z 346.43 (62%) 
C,6H,,N2S m/z263.30 (55%) 
+ 
C5H4NS m/z =110.15 (5%) 
o 
4-
C4H3Sm/z 83.12(10%) 
1 + 
=N N= 
C|2HgN2 m/z 180.20 (32%) 
CiiHyN m/z 153.17(14%) 
+ 
C,oH7 m/z 127.16 (8%) 
Scheme 2 Suggested molecular ion fragments of ligand, L 
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Ethidium Bromide Displacement Assay for DNA Binding Study with 
Ligand and Cu(II) Complex 
Studies from several laboratories have established the binding of cationic metal 
complexes with DNA [18]. The interaction of the ligand and its copper 
complex with DNA was studied using calf thymus DNA as simple molecular 
model. Nucleic acid bound to some molecules generally exhibit marked 
changes in fluorescence properties and this phenomenon is used in the studies 
with DNA [54]. Ethidium bromide, a polycyclic aromatic dye, is the most 
widely used fluorescence probe for DNA structure. It binds to DNA by 
intercalation within the stacked bases [55]. It has been reported that the 
enhanced fluorescence of the EB-DNA complex can be quenched at least 
partially by the addition of a second molecule and this could be used to assess 
the relative affinity of the molecule for DNA [56]. The emission spectra of EB 
bound to DNA in the absence and presence of ligand and copper complex is 
given in Fig 1. The addition of these molecules to DNA being complexed with 
EB causes appreciable reduction in emission intensity, indicating that both the 
ligand and its copper complex compete with EB in binding to DNA. This 
experiment showed that the relative strength of interaction between DNA and 
the tested molecules can be ordered as: DNA-Cu(II) complex > DNA- ligand. 
On the basis of above mentioned results, we suggest that both the ligand and its 
copper complex have the ability to interact with DNA. However, the affinity 
for DNA is more in case of Cu complex when compared with the ligand. This 
difference in their DNA binding ability could be attributed to the presence of 
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an electron deficient centre in the charged Cu complex where an additional 
interaction between the complex and phosphate rich DNA back bone may 
occur. 
Cleavage of Supercoiled pBR322 plasmid DNA by Ligand / Cu(n) 
complex 
The ethidium bromide stained banding pattern of pBR322 plasmid DNA tested 
with different concentrations of ligand and its Cu(II) complex show that, both 
the ligand and complex cause the conversion of supercoiled structures into 
relaxed and linear forms in a dose dependant manner (Fig 2). The comparative 
study of the intensity of the bands corresponding to the cleaved DNA (relaxed / 
linear forms) revealed a greater intensity in the lanes 5, 6, 7 (tested with 
complex) compared to lane 2, 3, 4 (tested with ligand). This comparative study 
suggests the complex to be more efficient than its parent compound in causing . 
DNA cleavage. Further, it may be mentioned that copper alone up to 150 ^M 
does not lead any DNA breakage of plasmid DNA [57]. 
Degradation of Calf Thymus DNA by Ligand / Cu(II)complex 
In order to further compare the extent of DNA degradation by the ligand and its 
Cu(II) complex, double stranded calf thymus DNA was used as the substrate. 
The reaction was assessed by recording the proportion of double strand DNA 
converted to acid soluble nucleotides by S| nuclease. Control experiments 
established that heat denatured DNA resulted in 100% conversion while 
untreated native DNA resulted in < 8% conversion (result not shown). Fig 3 
compares the % DNA hydrolysis induced by ligand and complex in calf 
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thymus DNA, indicating the progressive dose dependant generation of enzyme 
specific sites in the DNA molecule induced by treatment with the test agents. 
The results are in agreement with the plasmid degradation assay and report the 
greater efficiency of the metal complex towards DNA degradation than its 
parent compound. 
Generation of Reactive Oxygen Species by Ligand /Cu(II)Complex 
Many anticancer drugs have been shown to induce cytotoxicity in cancer cells 
by enhancing the oxidative stress mediated by reactive oxygen species 
[15].Various studies correlate the induction of apoptosis in cancer cells by a 
large number of factors including metals, drugs and prooxidants such as H2O2 
through generation of ROS [58]. Therefore, the rate of generation of 
superoxide anion by ligand and complex was studied using NBT assay. An 
increase in the absorbance at 560 nm is observed on reduction of NBT by 
superoxide anion. It is evident that the production of superoxide anion (O2') by 
the tested agents increases with the increasing time of incubation (Fig. 4). It is 
seen that the complex is more efficient producer of O2' as compared to the 
ligand. It is known that under in vivo conditions superoxide undergo 
dismutation to form H2O2 which is normally detoxified by intracellular 
catalase. However, in the presence of transition metals such as copper and iron, 
Fenton type reaction is favored where H2O2 is decomposed to generate 
hydroxyl radicals [59] which could act as a proximal DNA cleaving agent 
leading to oxidative DNA breakage. 
Cu(I) + H202 -^ Cu(II)+*OH+OH-
141 
Alternatively, O2" can give rise to both *0H and '02 radicals by a modified 
Haber-Weiss reaction in the presence of a metal [60]. 
Metal 
O2+H2O2 -* Oz+'OH+OH' 
Superoxide generation induced by the synthesized Cu(ll) complex could thus 
lead to an increased oxidative stress through Fenton and Haber-Weiss 
reactions. Such a metal dependent ROS generation leading to enhanced 
oxidative stress is feasible in cancer cells due to elevated level of copper ion in 
malignant cells [61], thereby suggesting a putative role of the copper 
complexes as anticancer drug candidate. 
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